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INTRODUCTION 
Mated female Cul ex p i  piens p i  p i  ens emerge f rom their  h ibernat ion 
s i tes in the spr ing,  secure a blood meal,  and produce the spr ing popula­
t ion.  Several  generat ions are produced throughout the summer.  Females 
emerging dur ing the late summer and ear ly fa l l  apparent ly dc not  seek a 
b lood meal but  wi l l  act ively feed on plant ju ices (Take and Vincent,  
1936; Tekle,  I960).  An extensive fat  body develops in these animals 
pr ior  to their  enter ing the hibernat ing s i tes and the fat  body is  almost 
completely exhausted by the fo l lowing spr ing (Buxton, 1935).  I t  appears 
that  the onset of  diapause, marked by a cessat ion of  reproduct ive proc­
esses and a corresponding increase in fat  body and other storage organs 
(Lees, 1955),  is  the resul t  of  the shortened day length in the fa l l .  Lab­
oratory studies indicate that a photoper iod of  less than 12 hours l ight  
dai ly is  suf f ic ient  to induce diapause in 85% of  the females tested and 
bloodfeeding is  great ly reduced (Vinogradova, I96O).  
The growth of  the egg fo l l ic les in mosquitoes occurs in two d ist inct  
steps. The in i t ia l  development occurs,  af ter  emergence, up to the rest­
ing stage or what has been termed ovar ian diapause (Clements,  1963).  
Dur ing th is per iod,  the oocyte becomes d ist inct  f rom the nurse cel ls and 
there is  a corresponding increase in cytoplasmic content.  Further,  there 
is  a smal l  amount of  yolk present in the cytoplasm of  the oocyte in the 
rest ing stage. Development beyond the rest ing stage, including act ive 
v i te l logehesis and product ion of  mature eggs, occurs only af ter  a blood 
meal in anautogenous mosqui toes. Except ions to th is are certain autogen­
ous mosqui toes which are able to mature their  f i rst  batch of  eggs wi thout 
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a blood meal.  Autogeny occurs in Culex p i  p i  ens mol es tus,  whi le Cul ex 
p i  p i  ens p i  p i  ens is  anautogenous and a blood meal is  required for  egg 
maturat ion.  
Some var iat ion exists in the ear ly development of  the fo l l ic les of  
mosqui toes. In Anopheles,  the oocyte is  di f ferent iated pr ior  to adul t  
emergence and there is  further development up to the rest ing stage before 
any feeding occurs (Nicholson, 1921).  Simi lar ly,  in Aedes aeqypt i  the 
oocyte is  di f ferent iated from the nurse cel ls in the teneral  f^al  e and 
some fur ther development occurs up to the rest ing stage before sugar 
feeding (Parks and Larsen, I965).  In Culex fat iqans, however,  the oocyte 
is  undi f ferent iated at  emergence and d i f ferent iat ion of  the oocyte and 
fur ther development up to the rest ing stage occurs only af ter  ingest ion 
of  some nutr iment other than blood (Nath,  1924).  I t  is general ly ac­
cepted that  recent ly emerged mosqui toes wi l l  in i t ia l ly  seek a nectar meal 
as an energy source. I t  would appear,  however,  that  fo l l icular develop­
ment in Anopheles and Aedes is  fur ther advanced in teneral  indiv iduals 
than i t  is in Culex mosqui toes (Parks and Larsen, 1965).  
The endocr ine control  of  egg maturat ion in mosquitoes has been 
studied by several  workers.  Det inova (194$) suggested from l igat ion ex­
per iments on Anopheles macul ipennis that  a gonadotrophic hormone was re­
leased from the corpora al lata.^ Decapi tat ion exper iments by Gi l let t  
(1956, 1958) indicated that in Aedes aeqypt i  the gonadotrophic hormone is  
released from the head. 
The humoral  control  of  egg maturat ion in £.  pi  p i  ens p i  p i  ens and the 
autogenous £.  p i  pi  ens mo les tus was reported by Larsen and Bodenstein 
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(1959) '  These workers showed by l igat ion and t ransplantat ion exper iments 
that  in these mosqui toes the neurosecretory cel ls and the corpora a l lata 
are essent ia l  for  egg maturat ion and that  there is  a cr i t ical  per iod 
dur ing which these hormones are released. Further,  they submit ted con­
vincing evidence that  the prolonged distent ion of  the midgut by the 
blood meal provides the in i t ia l  st imulus for  release of  the brain hor­
mone. The very del icate surgical  removal  of  the medial  neurosecretory 
cel ls and corpora al lata was employed by Lea (1963, 19&7) to study egg 
development in autogenous and anautogenous aedine mosqui toes. These 
studies indicate that both the medial  neurosecretory cel ls and corpora 
a l lata are essent ia l  for  egg maturat ion in mosqui toes. 
I t  has been establ ished that  the blood meal,  at  least  in part ,  
st imulates the release of  gonadotrophic hormones in anautogenous mosqui­
toes (Larsen and Bodenstein,  1959).  The fa i lure in ovar ian development 
and the subsequent egg product ion in mosqui toes fo l lowing a blood meal 
has been termed gonotrophic d issociat ion (Swel lengrebel ,  1929).  Gono-
t rophic dissociat ion occurs in £.  pi  p i  ens when th is mosqui to is  reared 
under short  photoper iod condi t ions ( less than 12 hours l ight  dai ly)  and 
at  low temperatures of  10° to 15° C. (Eldr idge, 1966).  When th is mos­
qui to is  st imulated to take a b lood meal under these condi t ions,  the 
ovar ies remain undeveloped i f  the mosqui to is  maintained at  the low tem­
peratures af ter  the blood meal.  
Imaginai  diapause in insects is  thought to resul t  f rom the fa i lure 
of  certain components of  the neuroendocr ine system to secrete the neces­
sary gonadotrophic hormones (Det inova, 1945; Joly,  1945; Lees, 1955; 
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de Wi lde, 19$4; de Wi lde and de Boer,  1961 ;  Siew, 1965a, b;  Engelmann, 
1968).  Exper imental  interference wi th the neuroendocr ine system of  
mosqui toes ( i .e. ,  decapi tat ion,  l igat ion,  and t ransplantat ion) has been 
used pr imari ly to study the endocr ine control  of  ovar ian development in 
mosqui toes. There have been no detai led invest igat ions into those as­
pects of  endocr ine act iv i ty related to diapause in mosqui toes. Further,  
detai led histological  studies on the endocr ine system dur ing ovar ian 
development have not been reported. However,  Burgess and Rempel (1966) 
and Larsen and Broadbent (1968) have submit ted histological  evidence of  
neurosecretory cel l  act iv i ty dur ing ovar ian development in Aedes aegypt i .  
The stat ic histological  p icture of  the neuroendocr ine system is  not 
in i tsel f  conclusive evidence of  speci f ic  control  mechanisms involved in 
these var ied physiological  processes. However,  when compared wi th pre­
vious or future exper imental  evidence of  hormone secret ion by speci f ic  
cel ls or glands, a more detai led analysis of  these compl icated processes 
can be made. The present invest igat ion was in i t iated, then, to determine 
the histological  changes occurr ing in the neuroendocr ine system of  Cu1 ex 
p i  p i  ens p i  p i  ens dur ing ovar ian development and dur ing diapause. 
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MATERIALS AND PROCEDURES 
A colony of  Cul ex p i  p i  ens p i  p i  ens was establ ished at  Iowa State 
Universi ty dur ing the late summer of  I966. Larvae and pupae were col­
lected near the sewage lagoon at  Ames, Iowa, and placed in temperature-
regulated incubat ion cabinets.  The l ight  source was connected to a t ime 
c lock so that  the desired photoper iod could be automat ical ly maintained. 
The colony was reared under long photoper iod condi t ions of  16 hours l ight  
dai ly and at  26° C. The cul ture was increased through eight generat ions 
before any tests were carr ied out.  
Larvae were reared in 9 x 15 x 2 l /2 inch white enamel photographic 
t rays,  wi th no more than three egg raf ts started in any one pan. Dur ing 
the th i rd stadium, smal l  amounts of  dry yeast were added to the d iet .  
The adul ts were fed a 10% sucrose solut ion.  Smal l  chickens or Japanese 
quai l  were restrained and placed in the adul t  cages for  blood meals.  
Short  photoper iod.  Diapause Studies 
Diapause was induced in Cul ex p i  p i  ens by rear ing the mosqui toes 
under a short  photoper iod of  8 hours dai ly l ight  and at  22" C. Female 
pupae were separated and placed in one-pint  ice-cream carton emergence 
cages wi th at  least  ten pupae in each. Upon emergence, the water was 
removed and the adul t  females maintained in these cartons were constant ly 
suppl ied wi th a 10% sucrose solut ion.  On adul t  day two ( the second day 
af ter  adul t  emergence),  the temperature dur ing the l ight  cycle was low­
ered to 18° C. and fur ther to 15° C. dur ing the dark cycle.  This dai ly 
temperature f luctuat ion was cont inued throughout the exper iment.  
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Mosquitoes were anaesthet ized wi th ether and f ixed for sect ioning at  
less than 1 hour af ter  emergence, 6,  12, and 24 hours af ter  emergence 
and, fur ther,  at  3,  5,  10 and 15 days. 
Long Photoper iod,  Non-Diapause Studies 
For these studies,  mosqui toes were reared under a long photoper iod 
of  16 hours l ight  dai ly and at  26° C. Handl ing procedures and the f ixa­
t ion schedule were exact ly l ike those previously descr ibed for  the dia-
• pause groups. 
Long Photoper iod,  Normal Ovar ian Development Studies 
Mosqui toes were reared under long photoper iod and at  26° C. Male 
and female pupae were placed in a cage. The t ime of  median adul t  emer­
gence was noted. Eight days af ter  median adul t  emergence, a b lood meal 
was provided and the mosqui toes al lowed to engorge. Groups of  10 fu l ly  
engorged mosqui toes were f ixed at  30 minutes,  1,  2,  3,  4,  and 24 hours 
af ter  the blood meal.  
Histological  Techniques 
Female mosqui toes were anaesthet ized wi th ether to prevent internal  
t issue damage caused by nervous shock before death (Novak, 1966).  Wings 
and legs were removed, and the specimens were f ixed in Dubosq and 
Brasi l 's  f lu id (Gal igher and Kozlof f ,  1964) for  24 to 36 hours.  Bouin 's 
f lu id was used as a f ixat ive in some cases. The mater ia l  was then dehy­
drated through a graded ser ies of  ethyl  alcohol  solut ions,  culminat ing in 
7  
absolute alcoho1 .  
The double inf i l t rat ion procedures of  Davenport  ( I960) were s l ight ly 
modif ied and used in this work.  The specimens were soaked in an anhy­
drous ethyl  ether-absolute ethyl  alcohol  ( l ; l )  solut ion for  2k hours.  
They were then permeated wi th a 3% solut ion of  ni t rocel lu lose (Par lodion^,  
Mal l inckrodt Chemical  Works) for  72 hours.  Hardening of  the n i t rocel lu­
lose and c lear ing the mater ia l  for  paraf f in inf i l t rat ion was accompl ished 
by two 24-hour chloroform baths.  
Paraplast '^  (Fisher Scient i f ic  Co.)  wi th a melt ing point  of  56° to 
57° C. was used for  inf i l t rat ion and embedding. The specimens were 
placed in a mixture of  Paraplast^ and chloroform (1:1) in a paraf f in oven 
at  60° C. for  6 hours,  fo l lowed by two 12-hour inf i l t rat ions in pure 
Paraplast^,  and f inal ly embedded in a th i rd bath of  paraplast^.  The em­
bedded specimens were refr igerated unt i l  sect ioned. 
Ser ia l  sect ions were cut  at  Qp on a rotary microtome. The paraf f in 
r ibbons were af f ixed to glass s l ides wi th Mayer 's albumin and f lat tened 
on a s l ide-warming table at  45° C. Drying was accompl ished in a s l ide-
drying oven at  35° C. for  12 to 16 hours.  Al l  mater ia l  was stained 
wi th in 24 hours af ter  sect ioning, as suggested by Ewen (1962a),  to mini­
mize the auto-oxidat ion in the air  which might jeopardize the take up of  
the a 1dehyde-fuchsin by speci f ic  t issues or structures.  
Two stains were used to demonstrate the presence of  neurosecretory 
granules in sect ioned mater ia l :  Chrome-hematoxyl in phloxin (CHP) 
(Gomori ,  1941) and paraidehyde-fuchsin (PAF) (Gomori ,  1950),  as modif ied 
by Ewen (1962a).  The resul ts obtained wi th CHP were of ten qui te errat ic;  
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therefore,  PAF was used extensively in this study. CHP was used in cer 
ta in cases in which ver i f icat ion of  a part icular staining react ion was 
required. Al l  sect ions were subsequent ly mounted in a synthet ic resin 
(Permount^,  Fisher Scient i f ic  Co.)  and dr ied at  40° C. in a s l ide-dryin 
oven. 
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RESULTS AND DISCUSSION 
Part  I .  Anatomy and Histology of  the Neuroendocr ine System 
The pr inciple s i tes of  hormone product ion in mosqui toes are located 
in the head, neck, and prothorax.  These centers of  endocr ine act iv i ty 
are int imately associated wi th the brain,  c i rculatory system, and 
stomodaeum, part icular ly in the neck region (Figure 3)» The internal  
anatomy of  mosqui toes has been descr ibed by Chr istophers ( I960) for  Aedes 
aeqypt i .  The neuroendocr ine system of  larvae and adul ts of  Aedes aeqypt i  
was descr ibed by Burgess and Rempel (1966).  A thorough knowledge of  the 
structure of  the neuroendocr ine system of  a given species is  a pre­
requis i te to a c lear understanding of  the funct ion of  these structures 
in var ious physiological  processes. For th is reason, the fo l lowing de­
scr ipt ion of  the endocr ine glands and associated structures in Cul ex 
p i  p i  ens is  necessary.  
The cerebral  gangl ion 
The three main regions of  the imaginai  brain-- the protoçerebrum, 
deutocerebrum, and t r i tocerebrum--are f i rmly coalesced to form the 
supra-oesophageal gangl ion ly ing above the pharynx just  anter ior  to the 
pharyngeal  pump. This gangl ion t i l ts  backwards in the head so that  the 
anter ior  port ions of  the brain l ie in a dorso-poster ior  posi t ion in the 
head capsule.  The brain is  broadly jo ined to the suboesophageal gan­
gl ion ventral  1 y so that  only a narrow channel  remains between them. 
The anter ior  port ion of  the pharyngeal  pump, aorta,  and the recurrent 
nerve from the f rontal  gangl ion pass through th is channel  (Figure 4).  
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The suboesophageal gangl ion is  great ly enlarged anter ior ly,  but i t  nar­
rows poster ior ly to form the two ventral  connect ives which pass through 
the neck to the fused thoracic gangl ia.  The protocerebrum makes up the 
greater port ion of  the supra-oesophageal gangl ion and consists of  two 
large lobes separated medial ly by a deep f issure.  The. l imi ts of  the 
deutocerebrum and t r i tocerebrum cannot be c lear ly dist inguished except 
that  the antennal  lobes are a part  of  the former.  
Just  poster ior  to the brain a large sucking pump is  formed by a 
dorsal  and two ventro-1ateral  p lates (Figure 5) ;  th is is  the oesophageal 
pump descr ibed by Chr istophers ( I960).  Snodgrass (1935) and Clements 
(1963) refer to th is structure as the pharyngeal  pump, and th is general ly 
accepted terminology wi l l  be used in this discussion. Large muscle 
bundles inserted into these plates,  and taking their  or ig in from the 
occipi ta l  and 1atero-ventral  regions of  the head capsule,  are the dorsal  
and lateral  d i lators respect ively.  The oesophagus narrows considerably 
as i t  passes through the neck and ends in the cardia.  
The pars intercerebral  is  
The center of  neurosecretory act iv i ty in the brain of  mosqui toes, 
as in other insects,  is  in the pars intercerebral is of  the protocerebrum. 
This region is  wel l  suppl ied wi th t racheoles and the entrance of  tracheae 
can be easi ly located by the prominent end cel l  nuclei  which stain a 
br i l l iant  green in sect ioned mater ia l  (Figure 12).  Large neurons in the 
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pars intercerebral is are easi ly ident i f iable by their  character ist ic 
staining react ions wi th CHP or  PAF. Other neurons occur amongst and 
around these larger cel ls but exhibi t  no special  staining qual i t ies;  
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The s ize of  the neurons and presence of  granules stained by these methods 
are not in themselves acceptable cr i ter ia for  the ident i f icat ion of  
neurosecretory cel ls.  These stains are not speci f ic  for  neurosecretory 
mater ia l .  Other mater ia ls associated wi th the nervous system, such as 
l ipofuscins,  degenerat ing nerve cel ls,  and neuromelanin,  are also posi­
t ive for these stains (Bern and Hagadorn, 1965).  The determinat ion of  
the neurosecretory nature of  cel ls descr ibed in this study is  made accord­
ing to the three cr i ter ia prescr ibed by Bern (1962, 1965) as fo l lows; 
A. The presence of  stainable granules or droplets in neurons 
suggests that  they are possibly neurosecretory.  
B.  I f  cycl ical  changes in this mater ia l  can be correlated 
wi th physiological  changes in the animal,  the cel ls are 
probably,  but  not necessar i ly ,  neurosecretory.  
C. I f  th is mater ia l  can be associated wi th the occurrence 
of  a hormonal factor in terms of  quant i ty or locat ion,  
then neurosecret ion is  def in i te ly establ ished. 
Medial  neurosecretory cel ls of  the protocerebrum 
The most obvious cel ls in sect ioned mater ia l  occur in two groups of  
f ive each, ly ing in the lateral  margins of  the pars intercerebral is.  
These cel ls contain granules which stain ah intense deep blue wi th PAF; 
the granules stain a deep purple to black color wi th CHP. In transverse 
sect ions,  these cel ls appear to be c losely grouped (Figure 5) j  however,  
in some animals they are more widely scattered. In sagi t ta l  sect ions,  
these cel ls are somewhat pear-shaped (Figure 8) ,  whereas in transverse 
or f rontal  sect ions,  they appear rounded wi th somewhat i r regular margins 
(Figures 7 and 12).  The nuclei  are round or s l ight ly oval  and contain a 
s ingle nucleolus which stains red wi th CHP and orange wi th PAF. The 
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amount of  stainable mater ia l  present in the cel l  per ikarya var ies great ly 
wi th the age and physiological  condi t ion of  the animal:  in some, only a 
few granules are present scattered throughout the cytoplasm; in others,  
larger amounts of  mater ia l  are present,  qui te of ten most abundant in the 
abaxonal  part  of  the cel l .  Further,  the cel l  may be so packed wi th 
granules that  the nucleus is  part ia l ly  or almost ent i re ly obscured. 
In other insect species in which s imi lar  studies have been carr ied 
out,  cel ls wi th these part icular t inctor ia l  qual i t ies have been consist­
ent ly found. Nayar (1955) designated medial  neurosecretory cel ls of  th is 
type as A-cel1s and th is c lassi f icat ion has been fo l lowed by later 
workers.  
A second group of  large neurons is  consistent ly found in the pars 
intercerebral is of  mosqui toes, but  these cel ls have great ly d i f ferent 
staining character ist ics.  The neurons are larger than the A-ce11s and 
occur in two groups s i tuated lateral ly and amongst the A-cel ls.  They 
meet a long the midl ine and penetrate deeper into the neuropi le than do 
other neurons in this region (Figures 6 and 9)* The total  number in each 
group is  d i f f icul t  to determine in sect ioned mater ia l  because the same 
cel l  may occur in two and even three subsequent sect ions.  Counts based 
on the nuclei  were carr ied out in 38 d i f ferent animals and consistent ly 
var ied between 4 to 6 cel ls in each group for  a total  of  8 to 12 cel ls.  
As wi th the A-cel ls,  these cel ls appear pear-shaped in sagi t ta l  
sect ions and rounded in transverse or f rontal  sect ions (Figures 7 and 9) .  
The cytoplasm stains green or blue-green wi th PAF and contains green or 
orange-brown f inely granular mater ia l  in some animals.  With CHP, the 
1  3  
cytoplasm is pink to b lu ish-pink wi th f inely granular mater ia l  present 
which is  phloxinophi1.  In some specimens, the stainable mater ia l  wi th in 
the cel ls appears as a col lo id within the cel l  per ikarya. In many speci­
mens, these cel ls appear to be empty and no stainable mater ia l  is  present 
(Figure 8) .  The nuclei  are c i rcular and contain one nucleolus wi th the 
same staining character ist ics as descr ibed for  the A-cel ls.  These neu­
rons contain vacuoles which are general ly smal l  but  which,  in a few cases, 
may be qui te large (Figure 9) .  Somewhat s imi lar  cel ls were descr ibed by 
Nayar (1955) in Iphi ta l imbata and were designated as B-cel ls.  
The pars intercerebral is also contains four giant neurons which l ie 
in groups of  two on e i ther s ide of  the midl ine anter ior  to and below the 
A- and B-cel ls (Figures 10 and 12).  These cel ls are by far  the largest 
in this region, general ly twice as large as the B-cel ls (Figure 11).  The 
cytoplasm is somewhat granular and stains l ight  purple in PAF and b lue to 
pink in CHP. At  t imes, smal l  purple f lakes or granules appear in the 
cytoplasm. The nucleus is  large wi th a prominent nucleolus.  These cel ls 
are somewhat pear-shaped in frontal  or t ransverse sect ions and have an 
i r regular out l ine in sagi t ta l  sect ions.  The staining character ist ics of  
these neurons vary only s l ight ly wi th the age and physiological  condi t ion 
of  the adul t  mosqui to.  A second group of  giant neurons is  found in the 
anter ior  port ion of  the protocerebrum. Two groups, consist ing of  two 
large cel ls and one or  two smal ler  cel ls in each group, occur on e i ther 
s ide of  the median furrow. These cel ls are larger than those in the 
pars intercerebral is but they exhibi t  ident ical  structural  and staining 
character ist ics.  Stout axonal  processes appear to pass ventral  1 y 
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toward the suboesophageal gangl ion but they could only be fo l lowed for  a 
short  d istance (Figure 13).  No PAF-posi t ive mater ia l  was evident in 
these processes. 
Axons f rom the medial  neurosecretory cel ls form two bundles which 
can be fo l lowed anter ior ly a short  d istance where they decussate and 
then pass downward. At  th is point ,  they reverse their  course and pass 
poster ior ly in the ventral  region of  the brain.  As these axon bundles 
leave the brain,  they form the short  paired nervi  corpor is cardiaci  I  
(NCCI) which enter the corpus cardiacum. Granular neurosecretory ma­
ter ia l  can be seen along these nerve bundles in the brain and enter ing 
the NCCI.  
Lateral  cel ls of  the protocerebrum 
Two groups of  three to f ive cel ls each occur lateral ly in the pro­
tocerebrum. These cel ls are s l ight ly larger than the A-cel ls in the pars 
intercerebral is and have a very large nucleus, which f i l ls  much of  the 
cel l ,  and a prominent nucleolus.  With PAF, these cel ls stain greenish to 
l ight  purple and instead of  def in i te granular mater ia l ,  the cel l  per i -
karya appear f i l led with an almost homogeneous mater ia l  somewhat s imi lar  
to the col lo idal  substance seen in some of  the B-eel  Is .  These lateral  
cel ls were seen in only a few sect ions stained with CHP and unfortunately 
I 
the stain did not take proper ly.  In these sect ions,  however,  the per i -
karya of  the lateral  cel ls appeared s l ight ly phloxinophi1.  The lateral  
cel ls appeared to be rounded wi th i r regular margins.  In no case could 
the axons be fo l lowed. 
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The stomodaeal nervous system 
The stomodaeal nervous system in insects consists of  the f rontal  and 
hypocerebral  gangl ia and associated nerves. The endocr ine glands, the 
corpus cardiacum and corpora a l lata,  are c losely associated wi th th is 
port ion of  the nervous system. The combined elements were termed the 
retrocerebra1 complex by Cazal  (1948).  Cazal  descr ibed the retrocerebra? 
complex for  a great number of  insect groups and gave the or ig inal  de­
scr ipt ion of  these structures in Culex p i  p i  ens. The stomodaeal nervous 
system in Aedes aegypt i  was descr ibed in detai l  by Burgess and Rempel 
(1966) .  
Thefprominent f rontal  gangl ion is  located in the anter ior  port ion of  
the head capsule.  This gangl ion has two t r i tocerebra1 connect ives wi th 
the brain,  smal l  nerve connect ions wi th the c ibar ia l  muscles and associ­
ated structures of  - the-buccal  area, and a medial  recurrent nerve. The 
recurrent nerve runs poster ior ly,  between the aorta and pharynx, and 
ends in the hypocerebral  gangl ion,  which is  at  least  in part  fused wi th 
the corpus cardiacum in the neck. The dorsal  p late of  the pharyngeal  
pump forms a t rough wi th in which the aorta and recurrent nerve pass. At  
t imes, especial ly in transverse sect ions,  the recurrent nerve appears to 
be a part  of  the ventral  wal l  of  the aorta.  Between the dorsal  d i lators,  
the recurrent nerve gives of f  a pair  of  lateral  pharyngeal  nerves 
(Figure 14).  These nerve f ibers can be seen to pass into the muscle 
bundles just  behind the brain,  but i t  has been impossible to determine 
the distal  connect ions.  
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The hypocerebral  gangl ion-corpus cardiacum complex 
The hypocerebral  gangl ion-corpus cardiacum complex in Culex p i  p i  ens 
is  dorso-ventral  1 y compressed between the aorta and the c i rcular muscles 
surrounding the poster ior  end of  the pharyngeal  pump. In al l  mater ia l  
studied, these elements were extremely d i f f icul t  to character ize in 
detai l  because of  the compression in this narrowed port ion of  the head 
and neck. The recurrent nerve enlarges considerably just  anter ior  to the 
complex (Figure 16).  In several  animals,  a few smal l  cel ls s imi lar  to 
nerve cel ls were observed wi th in th is swel l ing.  A smal l  medial  nerve 
bundle passes poster ior ly f rom th is swel l ing and enters the hypocerebral  
gangl ion-corpus cardiacum complex ventral  1 y and toward the poster ior  end. 
The nervi  corpor is cardiaci  I  leave the brain and become c losely 
appressed to the lateral  wal ls of  the aorta immediately behind the brain 
(Figure 17).  These nerve f ibers from the pars intercerebral is are 
easi ly ident i f ied in PAF-stained sect ions by the deeply stained neuro­
secretory granules which occur a long the axons. These axons fo l low the 
lateral  wal l  of  the aorta and enter the hypocerebral  gangl ion-corpus 
cardiacum complex dorsal  1 y (Figure 15).  This complex is  closely appressed 
to the ventral  wal l  of  the aorta and for  much of  i ts  length appears to 
form a part  of  the lateral  wal ls as wel l .  
The hypocerebral  gangl ion-corpus cardiacum complex contains at  
least  two cel l  types. Cel ls which resemble ordinary nerve cel ls are 
found throughout the complex,  but  for  the most part ,  they occur medial ly 
and along the ventral  margih.  The nerve bundle f rom the swel l ing of  the 
recurrent nerve can be t raced to the poster ior  port ion of  the complex 
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where i t  appears to end in two or  three large neurons. A second cel l  
type is  found dorsal ly and along the lateral  margins of  the complex.  
These cel ls contain oval  nuclei  and the cytoplasm stains fa int ly wi th 
PAF or  CHP. The cel l  boundar ies are extremely d i f f icul t  to observe and 
the cytoplasm did not stain wel l  wi th ei ther staining method. 
The axons of  the NCCI appear to spread out and enlarge somewhat 
immediately af ter  enter ing the complex (Figures 18 and 19)-  For the most 
part ,  these axons occupy a dorsal  posi t ion wi th in th is structure.  The 
purple granules f rom the cerebral  neurosecretory cel ls can be seen along 
these axons. The neurosecretory granules are evident throughout the 
ent i re complex and are not restr icted to a part icular region. Indeed, 
the axons and neurosecretory mater ia l  appear to be located between and 
amongst the cel ls of  the ent i re structure (Figure 20).  In a l l  cases, 
however,  th is mater ia l  was extracel lu lar  and no PAF- or  CHP-posi t ive 
granules were observed wi th in the cel ls of  th is complex.  
The amount of  stainable mater ia l  present var ies considerably wi th 
the condi t ions under which the animal was reared, and in some specimens 
only smal l  amounts could be seen scattered throughout the ent i re complex.  
Specimens in which large amounts of  stainable mater ia l  were present in 
the complex had a much d i f ferent appearance. In these animals,  the 
stainable mater ia l  appeared to form extracel lu lar  pools and the greatest  
bulk of  mater ia l  was evident dorsal  1 y and lateral ly,  c lose to the wal l  of  
the aorta.  
Two lateral  nerve trunks leave the corpus cardiacum poster ior ly and 
appear to cont inue along the lateral  vyal  1 of  the aorta for  a short  
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distance. These nerve t runks then branch to form the paired nervi  
corpor is a l lat i  (NCA) and the paired oesophageal nerve. The NCA con­
t inue along the aorta into the prothorax and pass into the corpora a l lata.  
PAF-posi t ive granules occur a long th is nerve t ract  and are accumulated 
wi th in the corpora a l lata.  In a very few specimens, smal l  amounts of  
th is mater ia l  could be fo l lowed but a short  d istance along the oesopha­
geal  nerve. The oesophageal nerve passes ventral  1 y toward the oesophagus 
and i t  was not possible to determine the nervous connect ion wi th the 
oesophagus f rom this mater ia l .  
The corpora al ' iata 
The paired corpora a l lata are just  poster ior  to the t ransverse 
tracheal  commissure in the extreme anter ior  port ion of  the prothorax.  In 
some sect ioned mater ia l ,  these structures are found in the f lexible neck 
region, but th is is  probably a resul t  of  shr inkage dur ing f ixat ion or 
processing. Each corpus a l latum is int imately associated wi th a group of  
four to s ix large cel ls anter ior ly,  the cel l  bodies of  which are just  
behind the t racheal  commissure (Figure 21).  The axons f rom these cel ls 
appear to enter the NCA and pass anter ior ly toward the corpus cardiacum. 
These cel ls were cal led the X-cel ls by Clements (1956).  
The corpora a l lata are smal l  oval  compact organs which contain à 
large number of  c losely packed cel ls.  The nuclei  are smal l  and round 
wi th a prominent nucleolus staining orange wi th PAP. The reduced cyto­
plasm is  stained deep green and the boundar ies of  the cel ls are extremely 
indist inct .  
The corpora al lata change considerably wi th the age and wi th the 
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physiological  condi t ion of  the mosqui to.  In the young adul t  less than 
12-hours o ld,  these bodies are smal l  and very compact.  They are sur­
rounded by a mass of  large cel ls which wi th in 18 to 24 hours can no 
longer be found (Figure 22).  These cel ls represent the degenerat ing 
pro thoracic gland and in no cases are these cel ls found in adul ts 24 
hours o ld or o lder.  
The number of  cel ls in the corpora a l lata increases wi th age. 
There is  a corresponding increase in the s ize of  the gland. Neuro­
secretory mater ia l  accumulates wi th in the gland and the amount var ies 
from sparse scattered granules to larger amounts which form smal l  drop­
lets.  At t imes, the glands become highly vacuolate and PAF-posi t ive 
mater ia l  is  present in these vacuoles (Figure 26).  A more detai led 
descr ipt ion of  these changes wi l l  be discussed later.  
The X-cel1 s resemble the B-cel ls in the pars intercerebral is but 
they are somewhat larger (Figure 23).  These cel ls are general ly pear-
shaped wi th prominent axons which pass anter ior ly into the NCA and can 
be fo l lowed only a short  d istance wi th in th is nerve t ract .  The nucleus 
is  round and large, occupying a central  posi t ion in the cel ls.  The 
nucleus is  prominent and stains orange wi th PAF. The cytoplasm general ly 
stains a greenish-purple color and has a coarsely granular appearance. 
PAF-posi t ive granular mater ia l  is  found wi th in the cytoplasm only infre­
quent ly and in relat ively smal l  amounts.  Frequent ly,  one or more of  
these cel ls are found on the poster ior  t ip of  each corpus al latum and 
c losely associated wi th the aorta.  
The X-cel Is and corpora a l lata are enclosed wi th in a th in sheath 
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which stains blue wi th PAF. In recent ly emerged adul ts,  the corpora 
a l lata and X-cel ls are c losely appressed. Q,ui  te of ten,  however,  a sepa­
rat ion exists between the two; th is can be at t r ibuted to shr inkage dur ing 
f ixat ion.  In ei ther case, however,  both structures appear to be wi th in 
the same sheath- l ike cover ing.  
Just  behind the t ransverse tracheal  commissure,  in close contact  
wi th the corpora al lata-X eel :  complex medial ly,  an addi t ional  pair  of  
cel ls is  consistent ly found (Figure 21).  These are large cel ls,  somewhat 
i r regular in shape, and they contain two and sometimes three nuclei .  The 
per ipheral  margins of  the cel ls contain a coarsely granular cytoplasm 
which becomes ret iculate toward the center.  These cel ls stain purple in 
some specimens and in other animals a l ight  green, the color being qui te 
var iable.  PAF-posi t ive granules are present in the outer cytoplasmic 
layer of  these cel ls and large vacuoles f i l led with a l ight ly stained 
col lo idal  substance are scattered throughout the cel ls.  Chr istophers 
( i960) and Burgess and Rempel (1966) descr ibe s imi lar  cel ls in Aedes 
aegypt i  and consider them to be per icardial  cel ls.  
Pi  scussi  on 
The protocerebra1 neurosecretory system of  Culex p i  p i  ens is  s imi lar  
to that  of  other insects.  The pars intercerebra1is contains two d i f ­
ferent groups of  medial  cel ls.  A th i rd group, of  lateral  cel ls,  is  
found in the protocerebrum. Clements (1956) reported that a group of  
ten neurosecretory cel ls,  in the pars intercerebra1is of  th is mosqui to,  
contained blue granular inclusions (A-cel ls)  when stained with CHP. Ad­
di t ional  neurosecretory cel ls were found in the cerebral  gangl ion,  but a 
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detai led descr ipt ion of  these cel ls was not  presented. Working wi th 
several  species of  Aedes, Lea (1967) descr ibed l iv ing neurosecretory 
cel ls.  The cel ls were in two groups of  ten or more on ei ther s ide of  the 
lateral  margins of  the pars intercerebra1is and were conspicuous by their  
b lu ish color.  Lateral  cel ls were ment ioned but h istological  studies were 
not reported. 
Burgess and Rempel (1966) descr ibed three groups of  neurosecretory 
cel ls in the pars intercerebra1is of  Aedes aegypt i  ;  the poster ior ,  inter­
mediate,  and anter ior  groups. The authors stated that the poster ior  
group corresponds wi th the medial  neurosecretory cel ls in other insects.  
The intermediate and anter ior  groups were s imi lar  in posi t ion and stain­
ing character ist ics to the giant neurons descr ibed in the present study 
in adul t  £.  pi  p i  ens. No lateral  neurosecretory cel ls were descr ibed in 
A. aegypt i  by Burgess and Rempel.  The poster ior  neurosecretory cel ls of  
aegypt i  occurred in two groups of  8 to 11 cel ls,  a l l  of  which con­
tained purple inclusions wi th PAF and were s imi lar  to A-cel ls.  No B-
cel ls were descr ibed in A. aegypt i .  
In £.  pi  p i  ens, the number of  A-cel ls in the pars intercerebral is was 
fa i r ly  constant.  Ten cel ls,  in lateral  groups of  f ive,  were found in al­
most every mosqui to studied. The B-cel ls,  whi le more d i f f icul t  to count 
accurately in sect ioned mater ia l ,  always numbered between 8 and 12. A-
and B-cel1s are readi ly dist inguishable wi th ei ther PAF or  CHP. Further,  
the B-cel ls form a d ist inct  group which penetrate deeper into the neuro-
pi le than any of  the other cel ls of  the pars intercerebral is.  These 
data would certainly indicate the presence of  two autonomous medial  
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neurosecretory cel l  types in £.  pi  p i  ens. 
The presence of  more than one type of  neurosecretory cel l  in the 
pars intercerebra 1 is  has been reported by several  invest igators.  As was 
ment ioned previously,  Nayar (1955) f i rst  introduced the A- and B-
designat ions for  these cel ls in Iphi  ta 1 i  mbata.  A- and B-medial  neuro­
secretory cel ls are found in Oncopel tus (Johansson, 1958);  Bombyx 
(Kobayashi ,  1957);  Schis tocerca (Highnam, 1961);  Adelphocor i  s (Ewen, 
1962b);  Galeruca (Siew, 1965a) and Nebr i  a (Ganagarajah, 1965).  M. 
Thomsen (1954) reported certain cel ls in the pars intercerebral is of  
several  species of  Hymenoptera in which no granules were found; the cyto­
plasm of  these cel ls was s l ight ly phioxinophi1.  In two species,  
Belonogaster junceus and Sphecius speciosus, red granules were found in 
cel ls which resembled the empty cel ls in other species.  Further,  red 
and blue granules were found in the same cel l  in a few cases and Thomsen 
concluded that the red mater ia l  represents another stage in the secretory 
cycle of  the usual  b lue granules.  This v iew is  shared by de Lerma (1956),  
and Her lant-Meewis and Racquet (1956).  M. Thomsen (1965) was unable to 
c lear ly dist inguish two types of  medial  neurosecretory cel ls in 
Cal 1 i  phora.  Certain cel ls did contain much smal ler  granular mater ia l  
and wi th CHP th is mater ia l  appeared s l ight ly phioxinophi1,  but  d i f fer­
ences in the staining react ion could not be at t r ibuted to def in i te cel ls 
in a speci f ic  locat ion wi th in the group. Subsequent e lectron microscope 
i 
studies on the medial  neurosecretory cel ls of  Cal l iphora (Block,  et  a i . ,  
1966) gave fur ther evidence for  two cel l  types. These cel l  types can be 
dist inguished by the s ize of  the granular mater ia l :  Type I  with granules 
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measuring about 2000 -  3000 A° corresponding to A-cel ls;  and type I I  
with granules in the 1000 -  1500 A° range corresponding to B-cel ls.  The 
authors state that most of  the granules evident wi th the l ight  microscope 
in PAF-stained sect ions (M. Thomsen, 1965) are actual ly clumps or aggre­
gates in which indiv idual  elementary granules cannot be seen. 
The A-cel ls fu l f i l l  a l l  of  the cr i ter ia prescr ibed by Bern (1962) 
for  the ident i f icat ion of  neurosecretory cel ls.  Granules are readi ly 
demonstrable and as wi l l  be shown later,  cycl ical  changes in th is ma­
ter ia l  occur wi th physiological  changes in the mosqu, i , to and, fur ther,  
th is mater ia l  can be associated wi th the occurrence of  a hormonal factor.  
The B-cel ls are probably neurosecretory.  They do exhibi t  cycl ical  ac­
t iv i ty but unfortunately the product of  these cel ls could not be fo l lowed 
along the axons and i t  could not be readi ly demonstrated wi th in the 
corpus cardiacum. 
Lateral  neurosecretory cel ls have been descr ibed in many insects 
(Van der Kloot,  I96O).  In some insects,  however,  these cel ls are found 
near the pars intercerebral is in close associat ion wi th the medial  neuro­
secretory cel ls (M. Thomsen, 1954). In most invest igat ions,  the medial  
neurosecretory cel ls have received careful  study but l i t t le is known 
about the funct ion of  the lateral  cel ls.  Wi l l iams (1948) suggested that  
both lateral  and medial  neurosecretory cel ls are necessary to break the 
pupal  d iapause in Hyalophora cecropia.  The lateral  cel ls in Cal l iphora 
appear  to  have a t  leas t  a  minor  ro le  in  egg deve lopment  (M.  Thomsen,  1965) .  
Strong (1965) indicated that in the Central  American locust,  Schistocerca 
paranensis,  the corpora a l lata are act ivated by the lateral  neurosecretory 
24 
cel l  complexes. He stated, however,  that  i t  is uncertain whether th is 
ef fect  is  mediated through nervous or neurosecretory st imul i .  
The resul ts of  th is study of fer  l i t t le informat ion regarding the 
funct ion of  the lateral  cel ls in C^. p i  p i  ens. They resemble the B-cel ls 
in staining character ist ics but no cycl ical  act iv i ty was evident in 
these cel ls regardless of  the physiological  condi t ion of  the animal.  
Further,  the axons f rom these lateral  groups could be fo l lowed only a 
short  d istance through the brain and no stainable mater ia l  was found 
along these axons. The lateral  neurosecretory cel ls in C^. p i  p i  ens do not  
meet the cr i ter ia prescr ibed by Bern (1962).  The indicat ions in other 
insects that  these lateral  cel ls are indeed neurosecretory cannot be 
over looked, and unt i l  fur ther studies on these lateral  cel ls are carr ied 
out in C^. p i  p i  ens, they are considered l ikely to be neurosecretory cel ls.  
The giant neurons in adul t  p i  p i  ens exhibi ted no granular content 
s imi lar  to that  of  the A- and B-neurosecretory cel ls and had the same 
general  appearance regardless of  the physiological  condi t ion of  the mos­
qui to.  As previously ment ioned, these large neurons in jC. p i  p i  ens cor­
respond wi th the intermediate and anter ior  neurosecretory cel ls in A. 
aeqypt i  (Burgess and Rempel,  1966).  The authors stated that  the inter­
mediate cel ls show a gradual  bui ldup of  stainable granules as larvae 
develop, but  the amount is  constant in pupae and adul ts.  The anter ior  
cel ls in A. aeqypt i  larvae do not have granular mater ia l  and i t  is not 
c lear whether the intense staining ment ioned in these cel ls in pupae and 
adul ts was s imply cytoplasmic staining or def in i te granular Mater ia l .  
Baner jee and Sharma (1966) found s imi lar  cel ls in the pupal  brain of  
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Culex fat iqans. These cel ls were ident i f ied using rout ine laboratory 
staining methods, however.  The authors stated that  the neurosecretory 
cël ls appear at  the t ime of  molt ing of  the pupal  cut ic le,  and suggested 
that  they are associated wi th molt ing of  the pupal  cut ic le.  
In adul t  £.  p i  p i  ens, the giant neurons do not  meet the cr i ter ia pre­
scr ibed by Bern (1962, 1965) and cannot be considered neurosecretory.  
This does not  preclude the d ist inct  possibi l i ty  that  these cel ls do have 
a secretory funct ion dur ing the larval  and pupal  stadia.  The ro le of  
these neurons dur ing the imaginai  l i fe of  p i  p i  ens is  not c lear.  Simi­
lar  cel ls were descr ibed in adul t  Cal  1 iphora (M. Thomsen, 1965) and 
several  authors refer to D-cel ls in adul t  insects which resemble g iant 
neurons and show no neurosecretory act iv i ty (Johansson, 1958; Highnam, 
I96I ;  Siew, 1965a).  In a l l  cases, the funct ion of  these cel ls in adul ts 
is  unknown. 
The fused hypocerebral  gangl ion-corpus cardiacum in pi  p i  ens is  
an extremely compl icated structure.  The compression of  th is complex 
between the aorta and c i rcular muscles of  the pharynx, the smal l  s ize,  
and occurrence of  d i f ferent cel l  types, combine to make th is structure 
very d i f f icul t  to character ize.  This is  part icular ly t rue with regard to 
the relat ionship between neurosecretory f ibers and corpus cardiacum cel ls.  
Tmms (1908) f i rst  descr ibed th is complex as . the support ing col lar  of  
cel ls surrounding the aorta just  behind the brain in Anopheles larvae. 
Cazal  (1948) gave the f i rst  descr ipt ion of  th is structure in £.  pi  p i  ens. 
He descr ibed a smal l  hypocerebral  gangl ion fused wi th the antero-ventral  
port ion of  an unpaired corpus cardiacum between the aorta and oesophagus 
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in the neck. Clements (1956) was unable to ident i fy the corpus cardiacum 
in the neck region. He suggested that  the large cel ls wi th forward d i ­
rected axons (X-cel ls)  associated wi th the corpora a1lata represented the 
corpus cardiacum. This was later supported by Rempel and Rueffel  (1964) 
af ter  a detai led study of  the retrocerebral  glands in larvae of  several  
genera of  mosqui toes. Burgess and Rempel (1966) suggested that  the corpus 
cardiacum in A. aeqypt i  was d iv ided into two separate parts;  F i rst ,  the 
large corpus cardiacum cel ls (X-cel ls)  near the corpus al latum and, sec­
ond, what they descr ibed as the dorsal  mass fused wi th the hypocerebral  
gangl ion and the ventral  wal l  of  the aorta in the neck. The authors 
stated that the dorsal  mass is  formed by the enlargement and fusion of  
the NCCI beneath the aorta.  The dorsal  mass ^as descr ibed as the en­
larged axons of  the NCCI a long which the neurosecretory granules pass. 
The nerve cel ls of  the hypocerebral  gangl ion were descr ibed as occupying 
the ventral  region, but at  t imes they extended into the dorsal  mass. The 
only cel lu lar  components descr ibed in the corpus cardiacum of  A. aagypt i  
were the large cel ls near the corpora a l lata.  
The hypocerebral  gangl ion in £,  pi  p i  ens is  fused wi th the corpus 
cardiacum and is  posi t ioned medial ly and along the postero-ventral  mar­
gins.  The swel l ing of  the recurrent nerve just  anter ior  to th is complex 
resembles a smal l  gangl ion;  however,  nerve cel ls were not  consistent ly 
found in this structure.  The posi t ion of  th is enlargement and i ts  re­
lat ionship wi th the corpus cardiacum agree wi th Cazal 's descr ipt ion 
(1948) of  the hypocerebral  gangl ion in £.  pi  p i  ens. A s imi lar  arrangement 
was descr ibed in Corethra (Ful ler ,  I960).  In larvae of  Cal l iphora,  the 
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hypocerebral  gangl ion is  reduced to a smal l  swel l ing of  the recurrent 
nerve at  the point  where i t  gives of f  a branch to the endocr ine struc­
tures of  the r ing gland. The corpus cardiacum and hypocerebral  gangl ion 
are fused and at  least  a part  of  the hypocerebral  gangl ion projects into 
the corpus cardiacum in adul t  Cal  1 iphora (M. Thomsen, 1969).  In th is 
insect,  a few gangl ion cel ls are present wi th in the corpus cardiacum. I t  
appears that  the enlargement of  the recurrent nerve in £.  p i  p i  ens repre­
sents the anter ior  port ion of  the hypocerebral  gangl ion and that  the 
poster ior  hal f  l ies wi th in the corpus cardiacum. Further invest igat ions,  
part icular ly wi th the electron microscope, would be desirable to c lar i fy 
the exact nature of  th is structure.  
The dorsal  port ion of  th is complex resembles the corpora cardiaca 
in other insects.  The NCCI axons enter th is structure and spread out 
dorsal1y,  c losely associated wi th the ventral  and lateral  wal ls of  the 
aorta.  Whi le these axons are concentrated near the wal l  of  the aorta,  
they are not ent i re ly restr icted to th is region and can be fo l lowed 
throughout the complex.  They are conspicuous by the neurosecretory 
granules they contain.  The presence of  these neurosecretory granules 
along the axons, in addi t ion to the accumulat ion or apparent intercel lu­
lar  storage of  th is mater ia l ,  is  indicat ive of  the corpora cardiaca in 
most insects.  The corpora cardiaca in insects are descr ibed as neuro-
haemal organs (B. Scharrer,  1952).  The int imate associat ion of  th is 
structure wi th the wal l  of  the aorta in the neck region fur ther supports 
the view that th is structure does represent the corpus cardiacum in £.  
pi  p i  ens .  
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The corpora card iaca in  insects  are made up o f  a t  least  three d is­
t inc t  ce l l  types:  ord inary  neurons,  g l ia l  ce l ls ,  and g landular  ce l ls  
s imi lar  to  neurosecretory  ce l ls  (Cazal ,  1948;  B. Scharrer ,  1964;  Gabe,  
1966).  Neurons are apparent  in  the corpus card iacum of  C_.  pi  p i  ens.  The 
ce l ls  descr ibed prev ious ly  which have ind is t inc t  ce l l  boundar ies are 
s imi lar  to  gl ia l  ce l ls  descr ibed in  the corpora card iaca o f  most  insects .  
The secretory  ce l ls  in  th is  mosqui to  are separated f rom the main body o f  
the corpus card iacum and are found in  the prothorax assoc ia ted wi th  the 
corpora a l la ta  (X-ce l ls ) .  Th is  is  in  agreement  w i th  data presented by 
Burgess and Rempel  in  A. aeqypt i  (1966);  a s imi lar  ar rangement  was des­
cr ibed in  Corethra (Ful ler ,  I96O).  
These ce l ls  resemble the B-ce l ls  in  the protocerebrum in  that  PAF-
or  CHP-posi t ive granules were not  readi ly  demonstrab le  wi th in  the ce l l  
per ikarya.  Bern (1962) has ind icated that  the fa i lure to  exh ib i t  a  pos i ­
t ive s ta in ing react ion wi th  PAF or  CHP does not  e l iminate the poss ib i l i ty  
that  a ce l l  has neurosecretory  funct ions.  He fur ther  s ta tes that  the 
s ta inabi l i ty  o f  the ac id  components  o f  the ce l l ,  even wi th  rout ine 
s ta ins,  is  ind icat ive o f  neurosecretory  act iv i ty .  E lect ron microscope 
examinat ions o f  s imi lar  ce l ls  in  Leucophaea (B.  Scharrer ,  1964) and 
Cal  1 i  phora (Normann,  1965)  ind icate that  these ce l ls  are indeed neuro­
secretory ,  but  the funct ion o f  the mater ia l  re leased is  not  eas i ly  deter ­
mined.  The data obta ined in  the present  s tudy suppor ts  the v iew that ,  
in  2"  p i  p i  ens,  these ce l ls  are neurosecretory .  Normann ( I965) re fers  to  
these ce l ls  in  the corpus card iacum of  Cal l iphora as the corpus card iacum 
neurosecretory  ce l ls  (C.N.C.) .  S ince these ce l ls  in  C_.  p i  p i  ens do appear  
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to be neurosecretory cel ls and are associated wi th the corpus cardiacum, 
s imi lar  terminology wi l l  be used in this study. 
The corpora a l lata of  mosqui toes have been descr ibed by a number of  
workers (Bodenstein,  19^5; Cazal ,  1948; Clements,  1956; Chr istophers,  
I96O; Rempel and Rueffel ,  1964; Burgess and Rempel,  I966).  The posi t ion 
and structure of  these endocr ine glands appear to be constant among the 
many species studied. The large cel ls surrounding th is gland in teneral  
indiv iduals represent the prothoracic gland. In most of  the mater ia l  
used in th is invest igat ion,  such cel ls were not observed because they 
usual ly degenerate wi th in a day of  adul t  emergence. Neurosecretory mate­
r ia l  can be fo l lowed along the nervi  corpor is a l lat i  between the corpora 
a l lata and corpus cardiacum. This mater ia l  can be seen wi th in th is gland 
in var ied amounts,  ranging from a few granules to several  large droplets.  
Simi lar  observat ions were reported by Clements (1956) and Burgess and 
Rempel (1966).  Str ik ing changes in the histological  appearance of  the 
corpora a l lata can be correlated wi th var ious physiological  processes. 
These wi l l  be discussed in detai l  later.  
Per icardial  cel ls are int imately associated wi th the corpora a l lata 
medial ly just  behind the t ransverse tracheal  commissure.  There are only 
two large cel ls in this region in C^. p i  p i  ens. In A. aegypt i ,  Burgess and 
Rempel (1966) descr ibed a str ing of  several  per icardial  cel ls extending 
poster ior ly between the aorta and corpora a l lata.  Whether th is d i f fer­
ence in number of  per icardial  cel ls between Culex and Aedes mosqui toes is  
constant is  not known. The very c lose associat ion of  these cel ls wi th 
the corpora a l lata and C.N.C.,  coupled wi th the fact  that  PAF and CHP 
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granules are found along the per ipheral  margins of  these cel ls,  suggests 
some interrelat ionship.  Further,  cycl ical  changes in the per icardial  
cel ls themselves can be observed in C. p i  p i  ens. Davey (1961, 1962) 
suggested that  the per icardial  cel ls secrete a product which af fects the 
heart  rate of  Per ip laneta af ter  an in i t ia l  st imulat ion by a hormone f rom 
the corpus cardiacum. I t  is not known i f  this is  the case in mosqui toes. 
The structure of  the neuroendocr ine system and the stomodaeal nerv­
ous system of  C^. p i  p i  ens and A. aegypt i  is  s imi lar .  Some var iat ion is  
apparent,  however,  which one might expect between species of  d i f ferent 
genera.  Unfortunately,  only a few invest igat ions of  th is nature deal ing 
pr imari ly wi th mosqui toes have been reported to date.  The pauci ty of  
data at  present does not a l low conclusions to be drawn; instead, one can 
only speculate.  A.  aegypt i  apparent ly does not have B-cel ls in the pars 
intercerebral is.  From what is  known today, Aedes mosqui  toes have 20 to 
22 medial  neurosecretory cel ls,  a l l  of  which are apparent ly A-cel ls.  
Culex mosqui toes have both A- and B-cel ls in the pars intercerebra1is.  
The number of  A-cel ls appears to be constant at  ten cel ls.  There are 
f ive to seven B-cel ls,  which are also present in the protocerebjrum. Fur­
ther,  the number of  per icardial  cel ls associated wi th the corpora a l lata 
di f fers great ly in these species.  
The biology of  members of  these two genera var ies considerably.  A 
c lear understanding of  speci f ic  endocr ine funct ion could be achieved i f  
comparat ive studies were carr ied out.  Of the many invest igat ions deal ing 
pr imari ly wi th structure and funct ion of  endocr ine glands and neuro­
secretory systems in insects,  very few have been reported on c losely 
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re la ted genera or  spec ies.  Comparat ive s tud ies o f  b io log ica l  d i f ferences 
as corre la ted wi th  d i f ferences in  endocr ine systems and re la ted s t ruc­
tures might  enable the insect  endocr ino log is t  to  accurate ly  descr ibe the 
very  in t r icate in ter re la t ionships invo lved.  
Par t  I I .  Pat terns o f  Endocr ine Act iv i ty  
and Assoc ia ted His to log ica l  Changes 
In  £ .  p i  p i  ens,  PAF-pos i t ive mater ia l  can be found in  the type A 
neurosecretory  ce l ls ,  the corpus card iacum, and in  the corpora a l la ta .  
The amount  present  in  these s t ructures dur ing a g iven in terva l  var ies 
cons iderably  wi th  the phys io log ica l  condi t ion o f  the mosqui to .  In  th is  
invest igat ion,  some method was needed for  obta in ing quant i ta t ive data on 
the re la t ive amounts  o f  PAF-pos i t ive mater ia l  present  in  the neuro­
endocr ine system. The amount  o f  mater ia l  was recorded as fo l lows:  
Trace,  l ight ,  moderate,  and heavy.  These somewhat  a rb i t rary  rank ings 
were based,  however ,  on cer ta in  s tandards which,  because o f  the nature o f  
the mater ia l  invo lved,  var ied wi th  the spec i f ic  endocr ine s t ructure.  The 
data presented for  a g iven t ime in terva l  is  based on a t  least  e ight  d i f ­
ferent  spec imens and in  most  cases,  upon ten.  
Granular  dens i ty  in  the ten A-ce l ls  o f  the pars  in tercerebra l is  was 
eas i ly  quant i f ied.  For  the most  par t ,  a l l  o f  the ce l ls  observed in  a 
g iven spec imen appeared to  conta in  approx imate ly  the same amount  o f  ma­
ter ia l .  However ,  there were cases in  which one or  more ce l ls  conta ined 
e i ther  more or  less mater ia l  than the remain ing ce l ls .  The re la t ive 
amounts  o f  mater ia l  present  in  a l l  A-ce l ls  o f  the mosqui to  were recorded 
a long wi th  the amounts  in  a l l  o ther  an imals  o f  a g iven t ime per iod.  
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These data were then averaged. In one group of  mosqui toes, only t race 
amounts were found. In th is speci f ic  case, many of  the specimens con­
tained only a few granules and in some, no PAF-posi t ive granular mater ia l  
was evident.  Granular densi ty for  the remaining groups was recorded as 
fo11ows: 
Light  Ind iv idual  granules were countable wi th in  the ce l l  
per i  karya. 
Moderate. . . .Granular  mater ia l  was massed in  par ts  o f  the ce l l  
but  ind iv idual  granules were s t i l l  d iscern ib le .  
Heavy Ind iv idual  granules could not  be observed because 
the ce l l  per ikarya were f i l led wi th  mater ia l .  
Photomicrographs of  A-cel ls representat ive of  these rankings are shown in 
Figures 27, 28, and 29-
For the corpus cardiacum, the same rankings were used; however,  be­
cause of  the di f fuse nature of  th is structure,  s l ight ly di f ferent stand­
ards were required. These were;  
L ight  Granules were scattered throughout the corpus 
cardiacum but not massed in aggregates.  
Moderate. . . .Aggregates of  granules were present throughout 
the structure in addi t ion to indiv idual  granules.  
Heavy.. . . . . .PAF-posi t ive mater ia l  appeared to be in aggregates 
wi th in swel l ings of  the NCC axons or wi th in vacuoles.  
The str ik ing changes in the condi t ion of  the corpora al lata and the 
amount of  PAF-posi t ive mater ia l  they contained posed-a special  problem. 
Granular mater ia l  was present in these glands in pract ical ly a l l  mosqui­
toes studied. However,  as the amount of  PAF-posi t ive mater ia l  increased, 
droplets of  var ious sizes were apparent,  a l l  of  which were surrounded by 
vacuoles which were,  in most cases, s l ight ly larger than the droplet .  I t  
33 
was apparent,  nonetheless,  that  as the amount of  PAF-posi t ive mater ia l  
increased in the gland, the droplets and corresponding vacuoles were 
larger and the number of  indiv idual  granules decreased. The standards 
appl ied to the corpora a l lata,  then, were as fo l lows: 
Light Indiv idual  granules or smal l  droplets between 
the cel ls,  but not surrounded by vacuoles.  
Moderate. . . .Droplets less than lyu in  diameter surrourded 
by a s l ight ly larger vacuole.  
Heavy Droplets larger than Ip compris ing the balk of  the 
PAF-posi t ive mater ia l  in addi t ion to indiv idual  
granules.  
Photomicrographs of  corpora a l lata representat ive of  these rankings are 
shown in Figures 24, 25, and 26. 
The neurosecretory cel ls of  the corpus cardiacum and the B-cel ls of  
the pars intercerebral is d id not contain PAF-posi t ive granules.  The 
staining character ist ics of  these two cel l  groups d id not vary appreciably 
wi th changes in the physiological  condi t ion of  the mosqui to.  One excep­
t ion,  however,  d id occur and involved the B-cel ls immediately fo l lowing 
a blood meal.  This except ion wi l l  be discussed later.  The per ikarya of  
both cel l  groups stained green and the cytoplasm at  t imes appeared some­
what granular.  At  no t ime was there any evidence of  a secretory product 
character ist ic of  e i ther cel l  group along the axons. The B-cel ls appeared 
to be empty in some specimens, whi le there were instances where some B-
cel ls appeared empty and others fu l l  of  green mater ia l ,  a l l  in the same 
specimen. Further,  the B-cel ls at  t imes contained an orange-brown f inely 
granular mater ia l .  The random occurrence of  these condi t ions made i t  im­
possible to correlate changes in these cel ls wi th the physiological  
34 
condi t ion of  the insect.  The data presented, then, wi l l  not  include 
these two cel l  groups. 
Patterns of  endocr ine act iv i ty in the ear ly adul t  ( i .e. ,  the mos­
qui to dur ing the 24-hour per iod af ter  emergence) were observed; fur ther,  
h istological  changes were noted in engorged animals,  and older diapause 
and non-diapause animals.  As a resul t ,  comparisons can be made of  the 
role each component of  the neuroendocr ine system plays under these var ied 
physiological  condi t ions.  
The ear ly adul t  on long photoper iod 
A-cel1 s The granular content of  the A-cel ls changed only 
s l ight ly dur ing the 24-hour per iod fo l lowing emerg ^ 
ten specimens in this group, neurosecretory granul  
mosqui toes. The remaining four specimens had no detectable granules in 
the per ikarya. At 6 hours,  the PAF-posi t ive mater ia l  in the A-cel ls in­
creased s l ight ly and a l ight  granular densi ty remained constant through 
24 hours.  In these specimens, granules were readi ly observable scattered 
throughout the cel l  per ikarya. 
Neurosecretory mater ia l  was evident along the axons in the proto-
cerebrum only in smal l  amounts.  In many specimens the granular mater ia l  
was only evident in the cel l  per ikarya and along the axons for  a short  
d istance (Figure 28).  Granules were,  however,  consistent ly observed 
along the postero-ventral  surface of  the cerebral  gangl ion at  the point  
where the NCCI leave th is gangl ion.  Further granules were easi ly detect­
able along the NCCI anter ior  to the corpus cardiacum. No detectable 
adul ts less than one hour o ld,  only t race amounts 
Figure 1 .  The re lat ive amounts of  PAF-posi t ive mater ia l  
A )  The 2k hours af ter  emergence 
B) The f i rst  4 hours af ter  blood feeding 
T = Trace 
L = L ight 
M = Moderate 
H = Heavy 
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increase or decrease in the amount of  neurosecretory mater ia l  was evi­
dent a long the axons dur ing the 24-hour per iod fo l lowing emergence. 
There was a s l ight  increase in the s ize of  the A-cel ls at  s ix hours.  
The average diameter of  these cel ls in mosquitoes less than one hour af ter  
emergence was 4 -  At 6 hours the A-cel ls averaged approximately 7 -
8(U in  diameter and th is remained constant through the 12- and 24-hour 
groups. 
Corpus cardiacum The neurosecretory mater ia l  in the corpus 
cardiacum at  emergence and through the next s ix hours was scattered 
throughout the structure in l ight  amounts.  There was an increase in 
granular densi ty at  12 hours wi th aggregates of  granules evident in ad­
di t ion to indiv idual  granules.  By 24 hours only scattered granules in 
l ight  amounts were evident (Figure lA).  
Corpora a l lata The corpora a l lata of  newly emerged adul ts are 
surrounded by the larger cel ls of  the degenerat ing prothoracic gland. 
These larger cel ls have completely disappeared by 24 hours.  In adul ts 
12 hours of  age, only a few of  these cel ls are evident scattered around 
the corpora a l lata.  The cel ls of  the degenerat ing prothoracic gland a l l  
have the same appearance. The cytoplasm stains a l ight  green and no PAF-
posi t ive mater ia l  was observed wi th in these cel ls.  In adul ts one hour 
o ld,  an addi t ional  cel l  type is  apparent between the degenerat ing pro­
thoracic gland cel ls.  These cel ls are smal l  and round; the nucleus 
stains orange-brown. The nucleus is  large and f i l ls  much of  the cel l .  In 
specimens stained wi th CHP, the nucleus of  these cel ls stains red wi th 
the phloxin counterstain.  Simi lar  cel ls were reported by Burgess and 
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Rempel (1966) in A. aeqypt i .  Burgess (196?) states that  these structures 
represent pycnot ic nuclei  of  the ecdysial  g land. These cel ls disappear 
by 6 hours in most specimens, however,  and were never observed in adul ts 
older than 12 hours.  
The cel ls of  the corpora a l lata change only s l ight ly in the 24-hour 
per iod fo l lowing emergence. In the newly emerged adul ts,  these glands 
are smal l  and compact.  The indiv idual  cel ls contain only a l i t t le cyto­
plasm. I t  stains a dark green wi th PAF. The cytoplasmic content of  
these cel ls increases s l ight ly in the f i rst  2k hours,  but the glands re­
main smal l  and somewhat oval .  
The amount of  PAF-posi t ive mater ia l  in the corpora a l lata is  shown 
in Figure lA.  Only l ight  amounts are evident through s ix hours.  There 
i s  a n  i n c r e a s e  i n  t h e  a m o u n t  t o  a  m o d e r a t e  r a t i n g  a t  1 2  h o u r s ,  a n d  a t  2 k  
hours the glands contain only l ight  amounts.  The PAF-posi t ive granules 
present in the corpora a l lata at  less than one and s ix hours af ter  emer­
gence appear to l ie between the cel ls of  th is gland. In many specimens, 
these granules were surrounded by a c lear vacuole which was s l ight ly 
larger than the granule.  At 12 hours,  smal l  droplets of  PAF-posi t ive ma­
ter ia l  were present in addi t ion to the indiv idual  granules.  These drop­
lets were spher ical  and appeared to be centered wi th in the vacuole.  
Careful  study of  the cel ls of  the corpora a l lata suggested that  at  
no t ime were there any PAF-posi t ive granules wi th in the cel l  per ikarya. 
The cytoplasm stained green in al l  cases and no granular inclusions were 
d iscernible.  The NCA d id contain scattered granules anter ior  to the 
C.N.C. and corpora a l lata,  however.  
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In i t ia l  post-blood meal act iv i ty 
The adul ts used in this ser ies of  exper iments had been maintained 
at  27° C. under long photoper iod condi t ions.  A sucrose solut ion was con­
stant ly avai lable.  On adul t  day e ight ,  the females were al lowed to en­
gorge and only fu l ly  engorged indiv iduals were f ixed for sect ioning. The 
re lat ive amounts of  PAF-posi t ive mater ia l  present in the neuroendocr ine 
system at  intervals fo l lowing a blood meal are shown in Figure IB.  Zero 
t ime in th is f igure represents the amount of  mater ia l  present in repre­
sentat ive eight day o ld mosqui toes before the blood meal.  
A-eel  1 s There was a marked change in the granular content of  
the A-ce11s in the 60 minutes fo l lowing the blood meal.  Pr ior  to blood 
feeding, the neurosecretory cel ls were f i l led with granules.  Within 30 
minutes,  the amount of  stainable mater ia l  had decreased to a moderate den­
s i ty and by 60 minutes,  only l ight  amounts were present wi th in the cel l  
per ikarya. A s l ight  increase in the granular content of  the A-cel ls was 
apparent two hours af ter  the blood meal.  This amount,  rated moderate,  re­
mained constant through four hours.  An addi t ional  group of  mosqui toes was 
f ixed 24 hours af ter  the blood meal and the granular content of  the A-
cel ls in these animals was recorded as l ight .  Two and sometimes three 
smal l  vacuoles appeared in the A-cel î  per ikarya at  60 minutes af ter  blood 
feeding. The remainder of  the cel l  cohtained scattered—granules of  PAF-
posi t ive mater ia l .  This was the only group of  blood-fed animals in which 
such vacuoles were observed. 
Neurosecretory granules were observed along the axon bundles 
through the brain and smal l  accumulat ions of  mater ia l  were a lso noted in 
k o  
the postero-vent ra l  por t ion o f  the bra in  jus t  anter ior  to  the NCA. The 
NCA a lso conta ined granules a long the i r  length to  the corpus card iacum. 
Corpus card iacum The amount  o f  PAF-pos i t ive mater ia l  in  the 
corpus card iacum var ied on ly  s l ight ly  dur ing the four  hours fo l lowing a 
b lood meal  (F igure IB) .  A s l ight  decrease in  granular  content  was ev i ­
dent  30 minutes a f ter  feeding and the granular  dens i ty  remained l ight  
unt i l  two hours,  a t  which t ime a moderate dens i ty  was recorded.  No 
fur ther  change was noted in  the corpus card iacum through four  hours.  At  
2k hours a f ter  feeding,  there was a  moderate amount  o f  PAF-pos i t ive ma­
ter ia l  present .  Throughout  the corpus card iacum, a t  a l l  in terva ls  fo l ­
lowing the b lood meal ,  the granules appeared scat tered a long the NCCI 
axons.  At  no t ime was the neurosecretory  mater ia l  massed wi th in  a par­
t icu lar  par t  o f  the corpus card iacum. 
Corpora a l la ta  The amount  o f  PAF-pos i t ive mater ia l  in  the 
corpora a l la ta  remained constant  for  two hours a f ter  the b lood meal .  
However ,  a  marked increase,  f rom a l ight  to  a heavy ra t ing,  was observed 
wi th in  the next  two hours (F igure IB) .  Concomi tant ly ,  the corpora a l la ta  
became more vacuolate;  the PAF-pos i t ive mater ia l  present  as drop le ts  
wi th in  these vacuoles was scat tered throughout  the g land and the ce l l  
nuc le i  o f  the corpora a l la ta  appeared to  be more wide ly  spaced.  
Pr ior  to  the b lood meal ,  the PAF-pos i t ive mater ia l  appeared as 
granules scat tered between the ce l ls  o f  the g land.  The ce l l  boundar ies,  
however ,  were d iscerned wi th  great  d i f f icu l ty .  In  some an imals  o f  th is  
group,  smal l  drop le ts  ( less than 1p)  o f  s ta inable mater ia l  were present  
w i th in  vacuoles.  As the vacuolat ion increased,  the drop le ts  o f  PAF-
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posi t ive mater ia l  increased in size,  part icular ly at  three and four 
hours.  Further,  the amount of  cytoplasm increased in the cel ls of  the 
corpora al lata so that  the nuclei  were widely spaced. 
Stainable granules were evident along the NCA axons between the 
corpora a l lata and the corpus cardiacum. The amount of  mater ia l  a long 
these axons d id not,  however,  increase wi th an increase in PAF-posi t ive 
mater ia l  in the corpora a l lata.  In fact ,  in many specimens, no stainable 
granules were observed along the NCA. The granules wi th in the NCA could 
be seen very c lose to the corpus cardiacum neurosecretory cel ls,  but the 
NCA axons could not be t raced enter ing the corpora a l lata.  Nor could 
these axons be discerned wi th in the glands. The granular mater ia l  be­
tween the gland cel ls,  especial ly in specimens f ixed dur ing the f i rst  two 
hours af ter  engorging, was ident ical  in appearance and staining character­
is t ics to the granules wi th in the NCA. 
The PAF-posi t ive mater ia l  present in the corpora a l lata 24 hours 
af ter  the blood meal had decreased great ly and only l ight  amounts were 
recorded. This mater ia l  was present both as granules and as smal l  drop­
lets ( less than l ju) .  The glands had a vacuolate appearance but PAF-
posi t ive mater ia l  was not  evident wi th in a l l  of  the vacuoles.  In many 
cases, the vacuoles appeared empty.  The glands had a compact appearance 
and the cel l  nuclei  were c losely appressed due to a decrease in cel l  s ize.  
In i t iat ion of  Diapause 
The h istological  changes in the neuroendocr ine system of  mosqui toes 
reared under short  photoper iod (diapause- inducing) condi t ions and at  re­
duced temperatures were studied through adul t  day 15» For comparison a 
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simi lar  analysis was carr ied out wi th a group of  mosqui toes reared under 
long photoper iod (diapause- inhibi t ing) condi t ions and at  normal rear ing 
temperatures.  Both groups were constant ly suppl ied wi th a 10% sucrose 
solut ion throughout the exper iment.  However,  no blood meal was provided. 
Fat body development in the short  photoper iod groups was rapid and 
conspicuous. Within three days, deposi ts of  a creamy whi te fat  body were 
evident.  By ten days, the fat  body had increased considerably so that  
the abdomen was great ly distended. Fat body developed in the long photo­
per iod groups only s l ight ly and at  no t ime was any marked distent ion of  
the abdomen discernible.  No at tempt was made to determine the amount of  
fat  deposi ted in the diapause groups nor to compare th is wi th fat  deposi­
t ion in the non-diapausing mosqui toes. Tekle ( I960) and Eldr idge (1968) 
have studied th is subject  in detai l  in £.  pi  p i  ens reared under var ied 
temperature and photoper iod condi t ions.  I t  is suf f ic ient  to note here 
that  the mosqui toes in the present study did develop a large fat  body in 
response to short  photoper iod condi t ions and reduced temperatures and 
that  th is is  character ist ic of  overwinter ing mosqui toes in diapause. 
A-eel  1 s The granular densi ty in the A-cel ls of  the diapause and 
non-diapause groups is  shown in Figure 2A. Only t race amounts were evi­
dent in the lat ter  group at  emergence and through 24 hours;  only a s l ight  
increase in granular content was noted. The short  photoper iod group had 
a l ight  granular densi ty on emergence. This increased to moderate at  6 
hours,  but at  24 hours only l ight  amounts could be seen. The granular 
content of  the A-cel ls d id not d i f fer  in ei ther group for  the next f ive 
days. Gradual ly,  the granular content increased to moderate in both 
Figure 2.  The re lat ive amounts of  PAF-posi t ive mater ia l  in the neuro­
endocr ine system in mosquitoes reared under long and short  
photoper iod condi t ions 
A) A-cel ls 
B) Corpus cardiacum 
C) Corpora a l lata 
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groups dur ing th is interval .  Further,  the granular densi ty at  10 and 
15 days var ied only s l ight ly between the two groups. The A-cel ls of  the 
short  photoper iod group were packed wi th granules through 15 days. Under 
long photoper iod condi t ions,  the granular densi ty of  the A-cel ls was re­
corded as moderate to heavy. Thus, obvious di f ferences in the granular 
densi ty of  the A-cel ls,  between the long and short  photoper iod groups, 
occurred only dur ing the 24 hours fo l lowing emergence. Smal l  amounts of  
neurosecretory granules were apparent a long the axons in both groups 
throughout the 15-day per iod.  No change in the amount was evident,  
however.  
Corpus card iacum Neurosecretory  granules wi th in  the corpus 
card iacum var ied in  amount  between l ight  and moderate in  both groups for  
the f i rs t  12 hours a f ter  emergence.  A marked increase in  granular  con­
tent  a t  24 hours was ev ident  in  the shor t  photoper iod group.  In  these 
spec imens,  the neurosecretory  mater ia l  appeared to  accumulate wi th in  
swel l ings o f  the neurosecretory  ce l l  axons.  Aggregates o f  th is  mater ia l  
were scat tered through the corpus card iacum. The heavy granular  dens i ty  
was ev ident  through day three but  by day four  on ly  moderate amounts  were 
recorded.  No fur ther  change was ev ident  in  th is  group through 15 days 
(F igure 2B).  Granular  dens i ty  in  the ccmpws"card iacum of  the non-d iapause 
group increased to  moderate on day three and var ied on ly  s l ight ly  through 
day f ive.  
Corpora a l lata There were di f ferences in the amount of  PAF-
posi t ive mater ia l  present in the corpora a l lata of  diapause and non-
diapause mosqui toes. This is  shown in Figure 2C. Twelve hours af ter  
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emergence, an increase in stainable mater ia l  was evident in both groups. 
However,  the diapause group had heavy concentrat ions of  droplets,  
whereas only moderate amounts were noted in the non-diapause indiv iduals.  
The corpora a l lata of  both groups contained only l ight  amounts of  
stainable mater ia l  at  24 hours.  The PAF-posi t ive mater ia l  in these 
young adul ts was always wi th in vacuoles s l ight ly larger than the drop­
let .  The cytoplasm of  the cel ls of  the corpora a l lata of  both groups 
stained a deep green and the nuclei  were c losely spaced. I t  was very 
d i f f icul t  to discern cel l  boundar ies in these specimens. The amount of  
stainable mater ia l  in the corpora a l lata of  mosqui toes reared under long 
photoper iod condi t ions var ied only s l ight ly as the animals aged. Only 
l ight  amounts were evident through 15 days except for  a s l ight  increase 
to moderate at  10 days. The corpora a l lata of  the diapause group, how­
ever,  consistent ly had greater amounts of  stainable mater ia l .  On day 
three, the glands were heavi ly laden wi th mater ia l  which by day f ive 
had decreased s l ight ly and remained fa i r ly  constant through day f ive.  
However,  a s l ight  decrease in PAF-posi t ive mater ia l  was noted at  ten 
days when the glands contained only l ight  amounts of  mater ia l .  
There was l i t t le di f ference in the appearance of  the corpora a l lata 
of  the long and short  photoper iod groups through 24 hours,  except for  the 
var iat ion in the amount of  PAF-posi t ive mater ia l .  In both groups the 
cytoplasm stained deep green, the nuclei  were c losely spaced, and the 
glands had a compact appearance. The nuclei  ranged between 4 and 5P in 
diameter and the cel l  boundar ies were d i f f icul t  to discern.  
Under long photoper iod condi t ions,  the condi t ion of  the corpora 
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al lata remained re lat ively constant f rom day 3 through day 15* The 
glands remained compact and no di f ferences in staining character ist ics 
were evident.  The cel l  nuclei  were c losely spaced and the average diam­
eter remained constant at  3.2 -  4.1^.  The PAF-posi t ive mater ia l  a lways 
appeared centered wi th in the s l ight ly larger vacuoles,  but  marked vacuo-
lat ion was not  evident in these glands throughout the f ive days. 
The appearance of  the corpora a l lata of  the diapause groups had 
changed considerably by adul t  day three. Large empty vacuoles were evi­
dent between the gland cel ls and smal ler  vacuoles f i l led with PAF-
posi t ive mater ia l  were scattered throughout (Figure 30).  The indiv idual  
cel ls of  the corpora a l lata were smal l  and were character ized by their  
very i r regular out l ine.  The nuclear diameter was considerably smal ler  
than in the long photoper iod group, ranging from 1.6 -  2.5/J.  The cyto­
plasm of  these cel ls stained only s l ight ly and in many cases, they ap­
peared to be empty.  The nuclei  were c losely spaced in most specimens; 
in some, however,  the nuclei  were more widely separated because of  
heavy vacuolat ion.  Further,  the corpora a l lata in s'ome specimens had 
numerous smal l  vacuoles,  which gave the gland a spongel ike appearance 
(Fi  gure 31).  
Pi  scussion 
I t  has been establ ished that both the medial  neurosecretory cel ls 
and the corpora a l lata are essent ia l  for  egg maturat ion in mosqui toes 
(Larsen and Bodenstein,  1959; Lea, 1963, 1967).  An interrupt ion in one 
or both of  these systems, then, might be expected dur ing diapause. A 
detai led analysis of  act iv i ty or inact iv i ty in the neuroendocr ine system 
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dur ing diapause would be great ly faci l i tated by the knowledge of  the 
^  histological  appearance of  th is system dur ing per iods of  known act iv i ty.  
There is  a large amount of  l i terature on the endocr ine control  of  repro­
duct ion in insects ( for  reviews see Wigglesworth,  1964; Highnam, 1964; 
Engelmann, 1968).  Larsen and Bodenstein (1959) establ ished cr i t ical  pe­
r iods for the release of  hormones f rom the head and f rom the corpora 
a l lata fol lowing blood feeding in mosqui toes. These workers showed that  
removal  of  the head wi th in 30 to 45 minutes af ter  the blood meal prevents 
egg maturat ion in A. aegypt i  and £.  pi  p i  ens.  L igat ion at  the base of  the 
abdomen wi th in three hours of  blood feeding also prevented egg maturat ion 
from reaching complet ion in A. aegypt i .  These data would suggest that  
hormone(s) re leased from the head wi th in one hour af ter  feeding wi l l  
e i ther direct ly or indirect ly act ivate the corpora a l lata.  At least  
three hours are required af ter  feeding for  the release of  the hormone 
f rom the corpora a l lata.  Thus the histological  changes in the neuroendo­
cr ine system dur ing the in i t iat ion of ovar ian development must be d is­
cussed at  the outset.  This informat ion on an "act ive" system, then, can 
later be compared wi th the diapause condi t ion.  
The very rapid decrease in the granular content of  the neurosecre­
tory system (Figure 18) suggests a release of  hormone fo l lowing the blood 
meal.  The per ikarya of  the ten A-cel ls in the pars intercerebral is were 
f i l led with neurosecretory granules pr ior  to the blood meal.  Only a 
l ight  granular densi ty was noted 60 minutes af ter  feeding; fur thermore, 
vacuoles were apparent in the cel l  per ikarya. The t ime interval  is  re­
markably s imi lar  to the cr i t ical  per iod for  brain hormone release 
( 
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estab l ished by Larsen and Bodenste in  us ing l igat ion methods (1959).  
Burgess and Rempel  (1966) were unable to  detect  any decrease in  the 
granular  content  o f  the media l  neurosecretory  ce l ls  o f  A.  aegypt i  fo l low­
ing a b lood meal .  A s l ight  decrease in  the granular  dens i ty  o f  the 
media l  neurosecretory  ce l ls  o f  A.  aegypt i  between feeding and one hour  
af ter  the b lood meal  was repor ted by Larsen and Broadbent  (1968).  The 
authors  ^ ta ted,  however ,  that  the ce l ls  were never  empt ied but  that  they 
a lways conta ined a moderate granular  dens i ty .  Fur ther ,  a decrease in  
granular  dens i ty  or  the appearance o f  near ly  empty neurosecretory  ce l ls  
assoc ia ted wi th  ovar ian development  has been repor ted in  severa l  insects :  
Schis tocerca (Highnam, 1962);  Tenebr io  (Mordue,  1965a);  Cal  1 iphora (M.  
Thomsen,  1965);  and Phormia (Hsiao and Frankel ,  1966).  
Scharrer (1941) descr ibed cycl ical  act iv i ty in neurosecretory cel ls 
as fo l lows: There is  a bui ldup of  stainable mater ia l  in the cel l  per i -
karya- This is  fol lowed by a rapid release of  the granular mater ia l  into 
the axons, leaving the cel l  per ikarya empty and somewhat vacuolated. I t  
is general ly accepted that  neurosecretory cel ls f i l led with granular mate­
r ia l  are inact ive or are synthesiz ing granules at  a far  greater rate than 
they are released. Empty cel ls or part ia l ly  empty cel ls,  then, are re­
leasing mater ia l  at  a rate far  exceeding synthesis.  Convincing evidence 
for  th is view was presented by Highnam (1962) in Schistocerca qregar ia.  
Empty neurosecretory cel ls ( i .e. ,  act ive) had a h igh rate of  uptake of  
^^S- label1ed cyst ine when th is mater ia l  was in jected into the animal.  
Ful l  cel ls had a correspondingly low rate of  uptake. The empty neuro­
secretory cel ls are thus in an act ive metabol ic state.  Consequent ly,  the 
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decrease in granular content in C^. p i  p i  ens could be interpreted as a 
rapid release of  neurosecretory granules along wi th an increase in the 
metabol ic act iv i ty of  these cel ls.  
The ten A-cel ls in £.  pi  p i  ens meet a l l  of  the cr i ter ia prescr ibed by 
Bern (1962) and are considered to be def in i te ly neurosecretory.  In th is 
invest igat ion a secretory cycle has been demonstrated dur ing the in i t ia­
t ion of  ovar ian development and these cel ls have been shown to have a 
control l ing or integrat ing role in this process (Larsen and Bodenstein,  
1959; Lea, 1963).  
The corpora a l lata appeared to increase in size dur ing the f i rst  24 
hours af ter  emergence. In older animals,  there was considerable var ia­
t ion in the s ize of  these glands in those mosqui toes of  the same age 
which were reared under s imi lar  condi t ions.  In several  specimens, one 
corpus al  latum was much larger than the other.  The apparent random var ia­
t ion in size could be correlated wi th nei ther gland act iv i ty nor the 
physiological  condi t ion of  the mosqui to.  I t  has been general ly accepted 
that  increased gland volume represents an increase in gland act iv i ty (see 
reviews by Highnam, 1964; Engelmann, 1968).  More recent ly,  however,  sev­
eral  invest igators have shown that  smal l  compact g lands may be as act ive 
as larger glands. In Tenebr io,  Mordue (196?) has shown that  the secre­
tory act iv i ty of  the corpora a l lata is  independent of  gland s ize.  Simi­
lar ly,  Lea and Thomsen (1969) indicate that in Cal l iphora,  cycl ical  
changes in the s ize of  the corpora a l lata occur but cannot be correlated 
with act iv i ty cycles.  These data suggest that  a s imi lar  s i tuat ion exists 
in £.  p i  p i  ens ;  therefore,  some other method for  determinat ion of  gland 
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act iv i ty in histological  studies is  necessary.  
The corpora a l lata did not vary in appearance dur ing the f i rst  two 
hours af ter  the blood meal.  Dur ing the next two hours,  however,  there 
was an increase in the amount of  PAF-posi t ive mater ia l  and the nuclei  ap­
peared to be more widely spaced. The nature of  the PAF-posi t ive mater ia l  
in the corpora a l lata is  not c lear.  However,  i t  is evident that  dur ing 
the per iod when th is gland is  releasing hormone ( i .e. ,  wi th in 180 minutes 
af ter  the blood meal)  (Larsen and Bodenstein,  1959)» there is  a marked 
increase in the amount present.  
In sect ions stained with CHP, th is mater ia l  in the corpora a l lata is  
grey to greyish-purple.  The mater ia l  was noted in specimens f ixed in 
ei ther Dubosq and Brasi l 's  f lu id or aqueous Bouin 's.  Clements (1956) 
a lso noted vacuoles and chromat ic droplets in the corpora al lata of  £.  
pi  p i  ens. This mater ia l  stained black wi th CHP and the random occurrence 
of  the vacuoles and stainable ma^tet ia1 suggested that  i t  was not con­
nected wi th ovar ian development.  Burgess and Rempel (1966) reported the 
presence of  vacuoles and stainable mater ia l  in the corpora al lata of  A. 
aegypt i  af ter  f ixat ion in several  general  f ix ing solut ions.  Further,  
they indicated that these vacuoles are v is ib le in corpora al lata f reshly 
dissected and mounted in sal ine without staining and that  they contain 
semi- t ransparent droplets.  The vacuclat ion and amount of  stainable mate­
r ia l  appeared to increase as the mosqui toes aged and the authors d id not 
report  any cycl ical  var iat ion fo l lowing a blood meal.  
The possibi l i ty  that  these vacuoles are ar t i facts cannot be over­
looked. Evidence against  th is,  however,  is  the cycl ical  increase or 
decrease in vacuolat ion noted in th is invest igat ion.  In the long photo-
per iod mosqui toes examined, an increase in the s ize of  the vacuoles was 
accompanied by a corresponding increase in the amount of  stainable mate­
r ia l .  Further,  the report  that  part ia l ly  f i l led vacuoles occur in 
freshly dissected glands (Burgess and Rempel,  1966) suggests that  the 
vacuoles are not a resul t  of  t reatment pr ior  to sect ioning and staining. 
The PAF-posi t ive mater ia l  in the corpora a l lata is  possibly neuro­
secret ion from the ten A-cel Is in the pars intercerebral is.  However,  i t  
must be restated that  PAP is  not speci f ic  for  neurosecretory mater ia l  and 
other structures or mater ia l  may take up th is stain.  Granules were ob­
served along the NCA axons in many specimens. However,  no increase or 
decrease in granular content wi th in the NCA, wi th corresponding changes 
in the amount present in the corpora a l lata,  was noted. For much of  th is 
work,  sagi t ta l  sect ions were studied. The NCA axons are qui te smal l  and 
sect ioning at  8p resul ted in only a few observat ions of  these axons for  
any group. Simi lar ly,  in transverse sect ions,  the relat ively smal l  area 
of  the NCA axons made an exact determinat ion of  granular densi ty extremely 
d i f f icul t .  Scharrer (1964) has shown that  in Leucophaea, neurosecretory 
I  
axons penetrate the corpora a l lata and that  granular mater ia l  is  also 
observable wi th the electron microscope. Neurosecretory granules have 
been observed along the NCA axons in several  insects (Arvy,  Bounhiol  and 
Gabe, 1953; Nayar,  1956; Highnapi j  1961).  Neurosecretory granules along 
the NCA axons in A. aegypt i  were reported by Burgess and Rempel (1966).  
The presence of  neurosecretory mater ia l  in the corpora a l lata has 
been repxarted by several  invest igators (Highnam, 1964).  Khan and Fraser 
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(1962) reported neurosecretory mater ia l  in the corpora a l lata of  newly 
emerged nymphs and adul ts of  Per i  p ianeta.  They suggested that  th is mate­
r ia l  was re lated to a restraining act ion of  the brain neurosecretory 
cel ls on the corpora a l lata.  Conversely,  in Tenebr io,  neurosecretory ma­
ter ia l  is  present in the NCA to the corpora a l lata in animals showing 
maximum oocyte product ion but i t  is not present in the gland in stainable 
amounts (Mordue, 1965b).  In th is insect the corpora a l lata are direct ly 
involved in the control  of  oocyte product ion.  The author stated that 
neurosecretory mater ia l  is  ut i l ized completely for  the product ion of  hor­
mone in animals dur ing maximum oocyte product ion.  With a decrease in 
oocyte product ion,  th is neurosecretory mater ia l  is  used to a lesser ex­
tent and consequent ly,  accumulates in the gland. 
In the corpora a l lata of  male Schistocerca, neurosecretory granules 
increase pr ior  to_changes in the cel ls,  suggest ive of  secretory act iv i ty 
(Odhiambo, 1966).  In Leucophaea, B.  Scharrer (1964) suggested that  neuro­
secretory mater ia l  in the corpora a l lata may exert  a st imulatory or 
t rophic ef fect .  Highnam (1964) stated that  neurosecret ion probably 
"pr imes" the corpora a l lata to produce hormone in a l l  insect?.  Moreover,  
once th is has occurred, hormone storage and release may be control led by 
nervous factors or by the direct  intervent ion of  neurosecretory factors.  
The decrease in the granular content of  the A-cel ls in the pars 
intercerebral is,  the appearance of  granules along the NCA axons, and the 
concomitant increase in PAF-posi t ive mater ia l  in the corpora al lata sug­
gest that  i t  may be neurosecretory mater ia l .  Simi lar  data f rom other 
insects would seem to strengthen th is possibi l i ty .  Further,  the 
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exper imental  demonstrat ion of  hormone release from the corpora a l lata 
dur ing th is interval  (Larsen and Bodenstein,  1959) would suggest that  the 
PAF-posi t ive mater ia l  is  involved in hormone product ion.  
The resul ts of  th is invest igat ion are in agreement wi th the exper i ­
mental  study on the hormonal control  of  ovar ian development reported by 
Larsen and Bodenstein (1959).  An analysis of  the histological  appearance 
of  the neurosecretory cel ls and the corpora al lata suggests act iv i ty in 
these structures dur ing intervals when i t  has been shown that  hormone is  
being released. However,  there is  evidence that even wi th in a s ingle 
genus of  mosqui to,  considerable var iat ion in these control  mechanisms 
occurs.  Al latectomy one hour af ter  emergence prevented yolk synthesis in 
autogenous A. taeniorhynchus and in A. aegypt i  b lood fed af ter  the opera­
t ion (Lea, 1963) '  Some yolk synthesis occurred af ter  al latectomy in 
blood fed A. sol  1 ic i  tans;  al latectomy did not prevent yolk synthesis or 
egg maturat ion in A. t r iser iatus.  Simi lar ly,  a delay in ablat ion of  the 
medial  neurosecretory cel ls in A. sol  1 i  c i  tans,  A.  taeniorhynchus, and A. 
t r i  ser iatus resul ts in a greater number of  these females developing 
mature eggs (Lea, 1967).  However,  in  A. aegypt i  medial  neurosecretory 
cel ls,  ablat ion seven days af ter  emergence prevents egg development.  
Hormones f rom the corpora a l lata,  corpus cardiacum, and medial  
neurosecretory cel ls may indiv idual ly govern certain stages in fo l l icular 
development beyond the rest ing stage. Ovar ian development in mosquitoes 
was d iv ided into f ive stages by Chr istophers (1911).  They are:  
1.  Cytoplasm of  the oocyte is  f fee from granules.  
2.  Yolk granules are present in the cytoplasm of  the 
oocyte,  but  do not ent i re ly hide the nucleus. 
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3. The nucleus o f  the oocyte is  obscured by granules,  
but  the fo l l ic le is st i l l  oval  in shape, 
4.  The fo l l ic le is elongate and more or less the shape 
of  the future egg. 
5.  Chor ionic structure is  shown. 
Stages one and two are character ist ic of  mosqui toes which have not 
had a blood meal.  Stage two represents the rest ing stage or "ovar ian 
diapause" of  Clements (1963).  
Gi l let t  (1956, 1958) suggested that  fo l l icular development beyond 
the rest ing stage (Stage two) occurs in two steps in A. aegypt i .  From 
decapi tat ion exper iments,  he found that  removal  of  the head wi th in two 
minutes of  the blood meal was suf f ic ient  to prohibi t  fo l l icular develop­
ment.  Decapi tat ion wi th in eight hours al lowed fo l l icular development 
beyond Stage two but only to Stage three in most test  animals.  Décapi ta­
t ion 14 hours af ter  the blood meal had no ef fect  on fo l l icular develop­
ment and mature eggs were recovered. Gi l let t  (1956) suggested that  
fo l l icular development is  in i t iated by the blood meal.  Promot ion of  ma­
ture eggs is  a resul t  of  the release of  a hormone f rom the neurosecretory 
cel ls in the brain some 8 to 14 hours af ter  the blood meal,  Larsen and 
Bodenstein (1959) suggested that  the conf l ic t ing resul ts reported by 
Gi l let t  (1956) were due to in jury to the mosqui to dur ing the decapi tat ion 
process. However,  in their  decapi tat ion exper iments wi th A, aegypt i  and 
p i  p i  ens, part ia l  fo l l icular development to Stage three did occur i f  
the operat ion were delayed from 29 to 45 minutes af ter  blood feeding. 
Decapi tat ion pr ior  to 17 minutes af ter  feeding was suf f ic ient  to suppress 
fo l l icular development.  Simi lar  resul ts were obtained wi th the 
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autogenous £.  pipiens molestus when these mosqui toes were decapi tated at  
intervals af ter  emergence. Lea (1967) has shown that  in A. taeniorhynchus 
delayed medial  neurosecretory ablat ion af ter  emergence of  one to two days 
resul ts in an increasing number of  females producing mature eggs. He 
suggests that  hormone must have been stored away f rom the brain in these 
older mosqui toes and was not  af fected by the ablat ion procedures.  
Since the corpus cardiacum is in the neck region, l igat ion or de­
capi tat ion could conceivably resul t  in in jury to th is structure.  In £.  
p i  p i  ens, there is  a release of  granular mater ia l  f rom the corpus cardiacum 
wi th in 30 minutes of  the blood meal.  No increase in PAF-posi t ive mate­
r ia l  in the corpora a l lata was noted unt i l  two to three hours af ter  feed­
ing.  This suggests that  granular mater ia l  f rom the corpus cardiacum is 
released direct ly into the aorta and that  at  least  some of  the neuro­
secretory mater ia l  f rom the A-cel ls later act ivates the corpora a l lata.  
However,  the data do not  support  th is,  in that no evidence of  release 
into the aorta was found. 
A rapid release of  hormone into the aorta could be the st imulus for  
in i t ia l  development of  the fo l l ic les to Stage three. The st imulat ion of  
the corpora a l lata some three hours later by neurosecretory mater ia l  then 
would provide the necessary endocr ine environment for  rapid v i te l logene-
sis and product ion of  mature eggs. I t  is clear that  fur ther invest iga­
t ion of  the endocr ine relat ionships dur ing ovar ian development is  
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requi  red.  
The apparent increase in the act iv i ty of  the corpora a l lata is  de­
termined by the increase in the amount,  of  PAF-posi t ive mater ia l  present 
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in mosqui toes less than 24 hours o ld (Figure lA).  Lea (1963) has shown 
that  those autogenous A. taeniorhynchus al latectomized wi th in one hour of  
emergence do not  develop eggs and no yolk deposi t ion occurs.  Simi lar ly,  
aeqypt i  do not  produce yolk i f  the corpora a l lata are removed at  emer­
gence and the mosqui to is  later blood fed.  When a l latectomy is delayed 
one to three days, however,  some yolk deposi t ion is  evident.  
Fol lowing a blood meal,  a l latectomy wi th in one day of  emergence is  
suf f ic ient  to suppress egg development in A. aeqypt i .  I f  al latectomy is 
delayed two or three days, however,  25% and 50% of  the females produce 
mature eggs. Simi lar  resul ts were obtained wi th autogenous A. 
taeniorhynchus. Lea (1963) suggested that  the delayed operat ion al lowed 
t ime for  the corpora a l lata to st imulate the target organ; in addi t ion,  
perhaps there was suf f ic ient  hormone t i t re within the haemocoei for  some 
t ime af ter  al latectomy. In these animals,  then, the corpora a l lata were 
act ive pr ior  to the blood meal.  
In the present invest igat ion,  the corpora a l lata appeared to be ac­
t ive at  12 hours af ter  emergence in both long and short  photoper iod 
groups (Figure 26).  There was, however,  a greater amount of  PAF-posi t ive 
mater ia l  present in the corpora a l lata of  the short  photoper iod group. 
Lea and Thomsen (1962) have submit ted evidence that  in Cal 1 iphora,  
the corpora a l lata control  the synthesis of  neurosecretory mater ia l  by 
the medial  neurosecretory cel ls.  "The authors discerned the act iv i ty 
of  the cel ls by determining both the increases in nuclear volume of  
l iv ing neurosecretory cel ls and also by the subsequent increase in neuro­
secretory mater ia l  in the cel l  per ikarya. Maximum nuclear volume in 
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the neurosecretory cel ls occurred one day af ter  emergence and was fo l ­
lowed by an increase in granular mater ia l  in the cel ls wi th in three or 
four days. Al latectomy wi th in one hour af ter  emergence resul ted in a 
decl ine in nuclear volume and no neurosecretory granules were produced. 
Conversely,  a l latectomy delayed s ix hours permit ted a normal increase of  
the nuclear volume and the product ion of  neurosecretory mater ia l .  In­
act ive neurosecretory cel ls in animals a 11 atectomized one hour af ter  
emergence could be act ivated by t ransplant ing corpora a l lata.  Thomsen 
and Lea (1968) concluded that  the corpora a l lata are act ive short ly af ter  
emergence, and one of  their  funct ions is  to control  synthesis of  neuro­
secretory mater ia l .  
I t  appears that  a s imi lar  s i tuat ion may occur in mosqui toes. In C_. 
p i  p i  ens the glands appear to be act ive at  12 hours af ter  emergence. Simi­
lar ly,  studies on the neurosecretory system of  A. aeqypt i  indicate that  
maximum nuclear volume of  the medial  neurosecretory cel ls also occurs 12 
hours af ter  emergence (Larsen and Broadbent,  1968).  Further,  in both the 
pi  p i  ens used in this invest igat ion and in A. aegypt i  (Larsen and 
Broadbent,  1968),  the granular content of  the medial  neurosecretory cel ls 
i  
increased markedly dur ing the f ive days af ter  emergence. The in i t ia l  de­
velopment of  the ovar ian fo l l ic les up to the rest ing stage begins short ly 
af ter  emergence and is  general ly completed wi th in three days. I t  is 
ent i re ly possible,  then, that  in addi t ion to a possible st imulatory ef­
fect  on medial  neurosecretory cel l  synthesis,  the hormone f rom the corpora 
a l lata also st imulates the in i t ia l  development of  the fo l l ic les tq the 
rest ing stage. At least  the t ime-course of  events is  consistent wi th 
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th is possibi l i ty .  
The neuroendocr ine system of  both the diapause and non-diapause 
groups contained large amounts of  stainable mater ia l  throughout a per iod 
of  15 days (Figure 2).  There were only s l ight  di f ferences in the granu­
lar  densi ty of  the A-cel ls.  The corpus cardiacum contained moderate 
amounts of  stainable mater ia l  dur ing the same 15-day per iod.  There was 
a marked increase in granular densi ty f rom adul t  day one to day three. 
The most obvious di f ference in the neuroendocr ine system of  these two 
groups was in the corpora a l lata.  The diapause mosqui toes appeared to 
have larger amounts of  PAF-posi t ive mater ia l  in these glands than the 
non-diapause mosqui toes; in addi t ion,  there were other marked di f ferences. 
There have been very few invest igat ions on endocr ine aspects of  
imaginai  diapause in insects.  In Dyt iscus, al latectomy resul ts in sup­
pression of  ovar ian development and subsequent degenerat ion of  the 
oocyte (Joly,  1945).  Implant ing corpora a l lata into al1atectomized indi­
viduals resul ts in resumption of  ovar ian development,  but  both brain hor­
mone and a gonadotrophic hormone f rom the corpora a l lata are involved in 
diapause. In the late summer the Colorado potato beet le,  Lept inotarsa 
deéemlineata,  increases i ts  food intake, fat  body develops, and the 
beet les overwinter in the soi l  (de Wi lde, 1954).  Diapause in this insect 
is  induced by short  photoper iods. De Wi lde et  a l .  (1959) state that  
temperature plays only a minor ro le;  fur ther,  the photoper iod-sensi t ive 
stage is  the newly emerged adul t  beet le.  Dur ing diapause in Lept i  no tarsa 
there is  a low rate of  oxygen consumption and the ovar ies are inact ive 
(de Wi lde and de Boer,  1961).  Al latectomy produces the same ef fect .  
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Implantat ion of  corpora al  lata into al  1 atectomized beet les resul ts in 
resumption of  reproduct ive processes. In beet les in which diapause was 
induced by shortened day length,  however,  the implantat ion of  two to four 
corpora a l lata was not suf f ic ient  to break diapause. I t  was concluded 
that  the corpora al lata of  Lept inotarsa control  egg format ion and cer­
ta in behavioral  elements essent ia l  to diapause. De Wi lde and de Boer 
(1961) also suggest that  diapause is  not s imply a resul t  of  s def ic iency 
in corpora a l lata act iv i ty,  but that  other factors must be involved. 
Imaginai  diapause in Galeruca tanacet i  is  sustained by a low level  
of  act iv i ty of  the neurosecretory cel ls of  the brain.  The corpus al latum-
corpus cardiacum complex funct ions at  a low level  under these condi t ions 
(Siew, 1965b).  Conversely,  Geldiay (1967) stated that imaginai  diapause 
in the Egypt ian grasshopper,  Anacr id ium aegypt ium, the neurosecretory 
cel ls and the corpora a l lata are inact ive dur ing diapause. He fur ther 
states that  the medial  neurosecretory cel ls are the pr imary cause of  the 
inhibi t ion of  ovar ian development dur ing diapause. The data avai lable 
suggest that  imaginai  diapause in insects is  the resul t  of  a lack of  brain 
hormone and/or the gonadotrophic hormone f rom the corpora a l lata or,  in 
some insects,  the low level  of  act iv i ty wi th in the neuroendocr ine system. 
In the present study, the corpora a l lata of  the diapausing mosqui toes 
appeared to be inact ive.  This is  based on cytoplasmic content,  nuclear 
diameter,  and vacuolat ion wi th in the gland. Changes in the appearance of  
these glands as they became inact ive began on adul t  day three and were 
consistent in a l l  animals.  There was considerable var iat ion in the s ize 
of  the corpora a l lata.  The glands appeared to be somewhat larger than 
1 
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those of  non-diapause mosqui toes. This,  however,  appeared to be due to 
the marked vacuolat ion wi th in the gland, in contrast  to the compact ap­
pearance noted in the non-diapause mosqui toes. The cytoplasmic content 
was great ly reduced in the glands of  the diapause mosqui toes. More im­
portant,  however,  were the staining character ist ics of  the diapausing 
gland cel ls.  The cytoplasm stained only l ight ly wi th the counterstain 
employed. By contrast ,  the cel ls of  the corpora a l lata of  the non-
diapause group consistent ly took on the deep green of  the stain.  Further,  
cel ls of  the corpora a l lata act ively secret ing hormone, as discussed 
ear l ier ,  always stain deep green. In addi t ion,  the cel l  nuclei  in the 
glands of  the diapause mosqui to were consistent ly much smal ler  than those 
of  the non-diapause mosqui to.  
Vacuoles wi th PAF-posi t ive droplets were present in the corpora 
a l lata of  a l l  the non-diapause mosqui toes studied. The vacuoles in the 
glands of  diapausing mosqui toes, however,  were somewhat larger and i r ­
regular ly shaped. Several  invest igators have reported the hypertrophy of  
the corpora a l lata af ter  ovar iectomy (Pfei f fer ,  1940; Day, 194-3;  
Wigglesworth,  1948; Scharrer and von Harnack, I96I) .  I t  was suggested 
that  the increased s ize of  the gland indicated storage of  hormone. 
Corpora a l lata in the non-diapausing £.  pi  p i  ens contained smal l  vacuoles 
and smal l  amounts of  PAF-posi t ive mater ia l ;  th is would appear to indicate 
product ion and release of  smal l  amounts of  hormone. Conversely,  the 
glands of  diapausing mosqui toes might be interpreted as stor ing hormone 
rather than releasing i t .  I t  was suggested previously that  the PAF-
posi t ive mater ia l  in the corpora a l lata was apparent ly involved in the 
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product ion of  hormone. Since the inact ive glands in diapausing mosqui­
toes are not ut i l iz ing this mater ia l ,  larger amounts are found wi th in 
them. The data present in the present h istological  invest igat ion indi­
cate that  hormone is  being stored in the diapause mosqui to.  I t  is of  
interest  that  Det inova (194$) reported an increase in size of  the corpora 
a l lata dur ing diapause wi th a subsequent rapid decrease in size af ter  the 
f i rst  blood meal in the spr ing.  She also indicated that the glands of  
diapausing females do not  stain intensely wi th hematoxyl in unt i l  af ter  
a blood meal in the spr ing.  She concluded that  the change in staining 
propert ies was probably due to increased secret ion of  the cel ls af ter  
the blood mea1. 
The data also permit  an assessment of  the role of  neurosecretory 
cel ls in the diapause of  £.  p i  p i  ens. There were general ly larger amounts 
of  granular mater ia l  in the neurosecretory system in the diapause than 
in the non-diapause group. This may represent a low level  of  act iv i ty 
in the A-cel ls and in the corpus cardiacum. Aside from the s l ight ly 
higher granular content of  the neurosecretory cel l  per ikarya of  the dia­
pause group, there appeared to be l i t t le di f ference in the overal l  ac­
t iv i ty of  these cel ls.  There was a decrease in this granular mater ia l  
s ix hours af ter  emergence, fo l lowed by an increase in the granular con­
tent of  the corpus cardiacum at  2k hours.  Further,  the PAF-posi t ive 
mater ia l  in the corpora a l lata increased rapidly from adul t  day one to 
day three. This is  in marked contrast  to the gradual  increase of  granu­
lar  mater ia l  in the A-cel ls of  the corpus cardiacum in the non-diapause 
group. Within f ive days, the amount remained constant for  the 15 days of  
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the exper iment.  Further,  the corpora a l lata contained only l ight  amounts 
of  PAF-posi t ive mater ia l .  
The foregoing changes are consistent wi th the view that ,  short ly 
af ter  emergence, the A-cel1 s re lease mater ia l  which passes through the 
corpus cardiacum to the corpora a l lata,  but only in animals enter ing 
diapause. The nature of  th is secretory act iv i ty is  unknown. I t  may be 
s igni f icant that  the marked changes in the corpora a l lata character ist ic 
of  a diapause mosqui to occur at  the t ime when a maximum amount of  PAF-
posi t ive mater ia l  is  in the gland. Imaginai  d iapause is  general ly re­
garded as the resul t  of  a lack of  brain hormone and/or hormone f rom the 
corpora a l lata.  
I f  the mater ia l  present in the corpora a l lata is ,  in fact ,  neuro­
secretory mater ia l ,  i t  passes through the corpus cardiacum and to the 
corpora a l lata along the NCA axons. The corpus cardiacum neurosecretory 
cel ls are known to release an intr insic secretory product in some insects.  
Since we have suggested that  the neurosecretory mater ia l  in the corpora 
a l lata is involved in the secretory act iv i ty of  th is gland, the quest ion 
ar ises:  Does th is mater ia l  now inhibi t  act iv i ty of  the corpora al lata? 
I t  is possible that  a mixing of  neurosecretory mater ia l  f rom the brain 
and product f rom the corpus cardiacum might produce th is ef fect .  There 
is  no indicat ion in the l i terature of  a s imi lar  s i tuat ion in other in­
sects.  From the l imi ted histological  data presented, one can only specu­
late.  
The inabi l i ty  to demonstrate secretory act iv i ty by the corpus 
cardiacum neurosecretory cel ls severely l imi ts a discussion of  th is 
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Structure based on the present data.  Recent ly,  Steele ( I96I ,  1963, I969) 
suggested that  the corpus cardiacum of  Per ip laneta secretes a hormone 
which br ings about a rapid r ise in the level  of  t rehalose in the blood. 
Apparent ly,  the inf luence of  the hormone is  on an enzyme system in the 
fat  body where glycogen is  stored. Further invest igat ions on the in­
tr insic neurosecretory cel ls of  the corpus cardiacum should more c lear ly 
demonstrate the role of  these structures in processes under endocr ine 
control .  
The corpora a l lata may secrete hormone which af fects the metabol ism 
of  the insect,  whi le the reproduct ive processes are only indirect ly con­
t ro l led by th is secret ion,  pfei f fer  (1945) suggested an inf luence of  the 
corpus a1latum on fat  metabol ism. Further,  several  invest igators have 
shown that  al latectomy wi l l  resul t  in hypertrophy of  the fat  body (E. 
Thomsen, 1942; Bodenstein,  1953; de Wi lde and de Boer,  I96I ;  and Orr,  
1964).  In the mosqui to Culex tarsal  is  reared under short  photoper iod 
condi t ions and at  warm temperatures,  the total  egg output is  reduced and 
fat  body develops (Harwood and Hal fh i l l ,  1964).  De Wi lde's (1954) 
studies on Lept i  notarsa would fur ther indicate some control  over certain 
metabol ic processes. Engelmann ( I968) suggested that  var ious phases of  
metabol ism, as wel l  as v i te l logenesis,  may be control led by the corpora 
a l lata.  At least  part ia l  control  over certain metabol ic processes is  
exerted by the corpora a l lata,  and i t  may be that  the neuroendocr ine 
system is funct ioning at  a lower level  of  act iv i ty in this ear ly per iod 
af ter  emergence. Consequent ly,  larger amounts of  neurosecretory mater ia l  
are present.  The fact  that  no increase or decrease in granules was 
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observed along the axons through the brain,  along the NCC, or  the NCA 
makes i t  very d i f f icul t  f rom this invest igat ion to substant ively prove 
that  a secretory cycle does occur.  A search of  the l i terature yielded no 
evidence for  an inhibi tory control  of  the corpora a l lata by the medial  
neurosecretory cel ls dur ing imaginai  d iapause. Indeed, i t  is the lack of  
brain hormone which is  thought to in i t iate the diapause condi t ion.  More­
over,  a precise interpretat ion of  the endocr ine act iv i ty dur ing diapause 
in £.  pi  p i  ens is  restr icted by the pauci ty of  data avai lable on the 
physiological  changes occurr ing in the mosqui to dur ing th is per iod.  A 
h istological  comparison of  the endocr ine system of  diapause and non-
diapause mosqui toes presents only part ia l  evidence of  the speci f ic  con­
t ro l  mechanisms involved. Interpretat ions must,  therefore,  be largely 
speculat i  ve.  
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SUMMARY 
The neuroendocr ine system of  Culex p i  p i  ens p i  p i  ens was descr ibed. 
Cycl ical  changes in the histological  appearance of  the endocr ine struc­
tures were used to determine the endocr ine control  of  the in i t iat ion of  
ovar ian development and endocr ine act iv i ty dur ing imaginai  d iapause. 
The resul ts of  th is invest igat ion indicate that :  
There are two types of  neurosecretory cel ls in the pars intercere-
bral is (designated Type A and B) which can be ident i f ied by their  charac­
ter ist ic staining af f in i t ies with PAF and CHP. 
The type A cel ls were shown to be def in i te ly neurosecretory in that 
cycl ical  changes in these cel ls occurred dur ing per iods of  known hormone 
release from the brain.  The type B cel ls are probably neurosecretory 
cel ls.  Cycl ical  act iv i ty in these cel ls was not  establ ished. 
The protocerebr.um also contains giant neurons and lateral  cel ls.  
These cel ls are possibly neurosecretory cel ls but no def in i te cycl ical  
act iv i ty was establ ished. 
The corpus cardiacum and hypocerebral  gangl ion are fused and are 
found in the neck region. In addi t ion to neurons, the corpus cardiacum 
also contains g l ia l  cel ls and neurosecretory cel ls.  The corpus cardiacum 
neurosecretory cel ls are found in close associat ion wi th the corpora 
a l lata in the anter ior  prothorax.  
The paired corpora a l lata are c losely associated wi th per icardial  
cel ls just  poster ior  to the transverse t racheal  commissure.  PAF-
posi t ive mater ia l  is  consistent ly found in these glands and is  probably 
neurosecretory mater ia l  f rom the medial  neurosecretory cel ls.  
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The corpora al  lata are act ive wi th in 12 hours of  emergence. This 
act iv i ty was associated wi th the ear ly development of  the ovar ian fo l ­
l ic les and the synthesis of  neurosecretory mater ia l  by the A-cel ls in 
thé pars intercerebral is.  
Normal ovar ian development in this mosqui to is  control led by a 
ser ies of  endocr ine events.  Fol lowing a blood meal the type A neuro­
secretory cel ls release their  product wi th in 60 minutes.  There is  a re­
lease of  neurosecretory mater ia l  f rom the corpus cardiacum within 30 
minutes which may in i t iate egg development.  The corpora a l lata are ac­
t ivated by the medial  neurosecretory cel ls and apparent ly secrete a hor­
mone wi th in four hours of  the blood meal which promotes egg maturat ion.  
Imaginai  d iapause is  character ized by a low level  of  act iv i ty in the 
neurosecretory system. 
The s igni f icance of  the histological  changes in the neuroendocr ine 
system dur ing diapause was d iscussed. There is  a lack of  exper imental  
data on the endocr ine control  of  imaginai  diapause in mosqui toes and the 
data presented in this invest igat ion suggest two possible control  
mechani  sms: 
A.  The corpora a l lata are inact ivated within three days of  emer­
gence by neurosecretory factors mediated by the corpus cardiacum. 
B. The neuroendocr ine system funct ions at  a low level  of  act iv i ty 
dur ing diapause. 
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LIST OF ABBREVIATIONS 
A A-cel1 s 
AO aorta 
B '  B-cel1 s 
BR brain 
CA corpus al latum 
CC corpus cardiacum 
CNC corpus cardiacum neurosecretory cel ls 
GN g iant neurons 
HCG hypocerebral  gangl ion 
NCA nervi  corpor is a l lat i  
NCC nervi  corpor is cardiaci  I  
PCL per icardial  cel l  
PHP pharyngeal  pump 
RCN recurrent nerve 
SOEG suboesophageal gangl ion 
TT t ransverse t racheal  commissure 
Figure 3 .  Sagit ta l  sect ion of  the head and anter ior  end of  the prothorax of  Culex p i  p i  ens 
( lOOX) 
m# 
igure 4.  Transverse sect ion of  the head anter ior  to the neurosecretor 
eel  1 s 
( lOOX) 
igure 5.  Transverse sect ion of  the head at  the level  of  the neuro­
secretory cel ls in the pars intercerebra1is 
( lOOX) 
a 
Figure 6.  Frontal  sect ion of  the head 
(100X)  
Figure 7- Frontal  sect ion of  the medial  neurosecretory cel ls 
(500X)  
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Figure 8.  Sagi t ta l  sect ion of  the pars intercerebra1is 
(500X)  
Figure 9.  Sagi t ta l  sect ion of  the pars intercerebra] is 
(500X)  
Note the vacuoles in the B-cel ls (arrow).  
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Figure 10. Transverse sect ion of  the head 
(1OOX) 
Figure 11. Sagi t ta l  sect ion of  the pars intercerebra1is 
(500X) 

Figure 12. Transverse sect ion of  the pars intercerebra1is 
(500X) 
Tracheal  end cel l  (arrow) is  v is ib le below trachea enter ing 
the protocerebrum. 
Figure 13. Transverse sect ion of  the brain showing two anter ior  giant 
neurons 
(500X) 

Figure 14. Frontal  sect ion of  the head 
( lOOX) 
Swel l ing of  recurrent nerve represents the points at  which 
the recurrent nerve gives of f  the lateral  pharyngeal  nerves. 
Figure 15. Frontal  sect ion of  the head 
( lOOX) 

Figure l6.  Sagi t ta l  sect ion of  the hypocerebral  gangl ion and corpus 
cardiacum 
(500X) 
Note the enlargement of  the recurrent nerve (arrow).  
Figure 17. Transverse sect ion showing NCA appressed to the lateral  wal ls 
of  the aorta 
(500X) 
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Figure 18. Transverse sect ion of  the aorta just  anter ior  to the corpus 
cardi  acum 
(500X) 
Note the neurosecretory mater ia l  (arrow) in the NCA. 
Figure 19- Transverse sect ion of  the extreme anter ior  port ion of  the 
corpus cardiacum just  anter ior  to the enlargement of  the 
recurrent nerve 
(500X) 
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Figure 20. Transverse sect ion of  the corpus cardiacum 
(500X) 
Neurosecretory mater ia l  (arrow) can be seen between the 
cel ls.  
Figure 21. Sagi t ta l  sect ion of  a corpus al latum 
(500X) 
Note the per icardial  cel l  (arrow).  
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Figure 22. Sagi t ta l  sect ion of  a corpus a l  latum of  an adul t  less than 
s ix hours o ld surrounded by the cel ls of  the prothoracic 
gl  and 
(500X) 
Figure 23. Sagi t ta l  sect ion of  the corpus cardiacum neurosecretory cel ls 
(500X) 
90 
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Figures 24 through 26. Representat ive rankings of  the amount of  PAF-
posi t ive mater ia l  in the corpora al lata 
Figure 2k. A corpus al latum showing l ight  amounts of  PAF-posi t ive 
mater ia l  
(500X) 
Figure 25. A corpus al latum showing moderate amounts of  PAF-posi t ive 
ma ter i  a l  
(500X) 
Figure 26. A corpus al latum showing heavy amounts of  PAF-posi t ive 
mater ia l  
(500X) 
Figures 27 through 29- Representat ive rankings of  the amount of  PAF-
posi t ive granular mater ia l  in the A-ce11s 
Figure 27. A-cel ls showing l ight  granular densi ty 
(500X) 
Figure 28. A-cel ls showing moderate granular densi ty 
(500X) 
Figure 29. A-cel ls showing heavy granular densi ty 
(500X) 
9 2  
Figure 30. Sagi t ta l  sect ion of  a corpus al latum from a diapausing 
mosqui  to 
(500X) 
Note heavy vacuo!at ion,  especial ly toward the center of  the 
gl  and •  
Figure 31• Frontal  sect ion through the corpora a l lata of  a diapausing 
mosqui  to 
(500X) 
The aorta passes between the glands. Note the spongel ike 
appearance of  the glands. 
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